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ABSTRACT

ANALYSES AND LIMITED EVALUATIONS OF
PAYLOAD AND LANDING SYSTEM STRUCTURES

FOR INTERMEDIATE TYPE PILANETARY LANDERS

This report presents a description of structural design and six degrees
of frcedom loads and motions compuﬁer programs developed for investigation
of planetary landers in the intermediate landing load factor range (50 to
300 earth g units). Limited evaluations of the landing characteristics of
crushable torus and inflatable torus 1ander concepts were conducted employ-
ing the computer programs, Both the crushable torus and the inflatable
torus structural design programs have been shown to be capable of satis-
factorily establishing configurations for specified criteria, Utilizing
baseline configurations estéblished with the structural design programs, the
capability of the landing loads and motions progfams to predict six degrees

of freedom motions was demonstrated.
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1. SUMMARY

This report presents a description of computer programs developed by

McebDonnell Douglas Astronautics Company - Eastern Division under- NASA contract

NAS-1-0137-1(U) for investigation of planetary landers in the intermediate

landing load factor range (50 to 300 earth g's). Crushable torus and inflat-

able torus lander concepts were judged most capable of meeting design con-

straints for this landing load factor range. Tanding loads and motions and

“the efficient structural design of these concepts may be determined by these

programs :

(o}

The Crushable Torus Structural Design Program can be used to
determine attenuator dimensions required to satisfy a given set of
landing conditions,‘accommodatingreither spherical or toroidal
shaped landers. This program, presented in Appendix A, may also be

used to determine velocity capability and load factor for any

_unidirectional landing attitude between flat and end landing.

The Crushable Torus.Landing Ioads and Motions Program, :presented in
Appendix B, allows evaluation of landing loads and six degrees of
freedom motions of the crushable torus or crushable sphere.

The Inflatable Torus Structural Design Program, presented in
Appendix C, can be used to determine inflatable torus dimensions,
internal pressures, and thlcknesses based on input payload, velocity,
and load factor requirements. Veloclty capability and losd factor

for any desired unidirectional landing attitude may also be determined.



O The Inflatable Torus Landing Loads and Motions Program, presented in
Appendix D, allows evaluation of landing loads, and six degrees of

freedom motions of the inflatable torus.

An inflatable torus configurstion and a crushable torus configuration

- meeting the ;pecified planetary landing system constralints for the.inter—
mediate range of landing load factors were established by exercising the
computer programs. Analyses and evalustions of these baseline COnfigurationé

are presented in this report.

Inflatable systems allow considerably more flexibility than crushable
systems in schieving desired load factor in the intermediate landing category.
The lowest landing system yeights for the gpecific intermediate lander load
factor range of 50 to 300 g's were achieved with an inflatable torus employing
8 relatively flat payload. TFor the crushable systems investigated the lowest
load factors were achieved ﬁith a spherical lander, while the lowest landing
system weights were achie?ed with a crushable torus employing a relatively

flat payload.



2. INTRODUCTION

Landing systems considered for unmanned planetary landers have been
generally categorized by landing losd factor range. Landing load factors
éreater than 300 earth g's are considered hard landers, and usually employ
various forms of parachute decelerators to achieve desired termlnal velocity.
Soft landing of payloads requires the use of retro rockets fo reduce approach

. velocity to yield landing load factors less than 50 earth g's.

A plenetary mission with objectives based on a landing in the intermedi-
ate lander load factor range (50 to 300 earth g's) will require the delivery
vehicle to be brought to some small velocity at-a specified sltitude above
the planet surface at which time the payload and landing system will be
ejected to fall freely to the plénet surface. Landed payload fqr such a
landing would contain instrumentation less fragile than for a soft landing,
but the payload instrumentation would not have to be hardened to the point
where weight is sacrificed. The prime requirement is that the instrumenta~
tion be capable of surviﬁing the ioad levels asgociated with an intermediate

type landing.

Landing systems appropriate to the intermediate landing category include
various configurstions of pneumatic systems (gas bags) and crushable systems.
Since the terminal descent mode may result in both horizontal and vertical
velocities at touchdown, it is importagt that each landing system have omni-
directional impact capabilities. Moreover, minimum landing system weights

and stowage volumes are also important factors to be considered.



This report presents the results of planetary lander studies performed
by McDonnell Douglas Astronautics Company - Eastern Division undef Task
Order One of Master Agreement Contract NAS-1-8137-1(U) issued by NASA
(Laﬁgley Research Center). The lander configurations were determined by
exercising computer progrems developed under this contract for the inter-
mediate range of landing loaed factors. These prograﬁs, which predict landing
loads and motions and the efficient structural design of payload and landing
impact system structures, are presented in appendices to this report along

with instructions fcor thelr use.

Goals of the study were to evaluate candidaterintermediate category
planetary lander concepts, to study in depth the most promising crushable
concept and inflatable concept, and to develop computér programs essential
for design of these landers. Subsequent to selection of a crﬁshable torus
and an inflatable torus as the most pfomising concepts, the development of
structural design and six degrees of freedom motions computer programs for

each concept became the major objective of the study.



3., STRUCTURAL DESIGN CRITERIA

The following factors were considered in landing system and payload
structure design: simplicity, relisbility, stowability, structural compati-
bility, environmental compatibility, welght, and sterllizabillty. Methods
were provided for sccomplishing post-landing payload exposure to permit
operation of sclence experiments such as imagery; measurements of wind

velocity and directidn, ambient pressure, temperature, and humidity; deter-
ﬁination of soll composition; and operation of systems such as poWer,
communication, and thermal control.

3.1 INTERMEDIATE LANDER DESIGN CONSTRAINTS - The following specified
design constraints were used in analysis of lander concepts but do not
necessarily ;epresent computer program constraints:

(1) The landing system has the capability to successfully'land on
surfaces with slopes of t3h_degrees maximum relative to local
horizontal, containing particles varying in size from sand to
5 inch diameter récks.

(2) Postlanding orientation is provided for positive vertical axis
alignment of the péyload within th4o degrees of the local gravity
vector.

(3) Materials consideréd for use in the structure are compatible with
space environment and a maximum temperature range from -100°F to
+275CF.

7 (h) The atmospheric pressure at the surface was assumed to be 5 mb.

(5) The landing surface was assumed not to deform or sbsorb energy

during impact.

N



(6) The surface coefficient of friction was considered within the
range of zero to 0.3.

(7) Surface gravitationsl acceleration was assumedAto be 12.3 ft/sece.

(8) Mass of the landed vehicle was 26 slugs, of less.

(9) The landed vehicle (payload, payload structure, and landing impact
system) is compatible with a nine (9) foot base diameter, 120
degree blunted cone.

(10) The landing payload can be enclosed in a surface of revolution
and has a size compatible with a meximum payload density of 60
1v/£t3 and Item”(9) cited sbove.

(11) Touchdown was assumed to occur wilthin a flight path angle from O
degrees to 30 degrees relative to the gravity vector and with a
flight path velocity of 85 fps. It was assumed that this range
of horizontal velocities covers the effects of side drift due to
winds.

(12) The landing vehicle is unrestricted in directional orientation

- about the pitch, ro;l, Oor yaw axes,
(13) Payload decelerations equivalent to 50, 150,.and 300 g's (Earth

units) were investigated.

3.2 FACTORS OF SAFETY - The following factors were applied to the
maximum loads (1imit loads) encountered in planetary landing within the
constraints specified in Section 3.1:

Crushable Material 1.00
Inflatable Burst Pressure'Factor 2,50

Inflatable Bag Material Seam Factor 1.18



The load obtained by multiplying limit load by the appropriate factor of

safety is the ultimate load used in sizing the structure.

Additional stroke was provided to absorb a 25 percent increase in the
design kinetic energy of the crushable and inflatable torus designs. Rocks
were allowed to vliolate payload insulation as long as they did not bottom
out on the payload itself, since the insulation cean berdeformed with very

little force and thermal protection should not be seriously impaired.

3.3 COORDINATE SYSTEM - The‘general coordinate system used in both
the crushable and inflatable loads and motions programs is defined in
Figure 3.3-1, A detailed description of the system may be found 1In

Section B.2.1 (Appendix B).
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k, CONCEPT SELECTION

The crushsble and inflatable concepts judged capable of meeting the
intermediate caﬁegory planetary lander design constraints are discussed in

this section.

4.1 CRUSHABLE CONCEPTS STUDIED ~ Screening of concepts resulted in
the elimination of many because of complexity or weight. Examples are
spherical and toroidal landers employing mechanical erection techniques.

The three concepts discussed in the following paragraphs were judged capsble
of meeting the constraints defined in Reference 1. They are the sphere,

torus, and duo-hemisphere, The torus was selected for detailed analysis.

4,1.1 Sphere, - This concepﬁ, shown in Figure 4.1-1, consists of a
spherical payload package surrounded by a crushable energy absorption
material such as balsa wood or honeycomb. Erection and leveling is accom-
plished by three fabric legs wrapped arouﬁd the exterior surface of the
lander during impéct. After landing, the legs are inflated causing the
lander to be erected as illustrated in Figure 4.1-1. Leveling is accom-
plished by individually adjusting each leg with motor driven cable assemblies.
A continuous, external cover is provided allowing this landing system;ﬁo be
designed for use over a wide range in landing velocitles. Separation of this
cover is required to permit removal of top hemlsphere for exposing expéri-

ments. A simple "hinge pin" separation device is provided for this purpose.
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Figure 4.1-1



4.1.2 Torus. - This concept, shown in Figure 4.1-2, consists of a flat,
cylindrical payload package surrounded at the edges by a toroildal shaped
energy absorption material such as balsa wood or honeycomb. Because of its

shape, the lander will come to rest on elther of the flat sides. This

necessitates either redundant experiments, flip-over of the entire lander, or

gimballing of the deployable experiments. The latter approach is illustrated
in Figure 4.1-2. Deployment of experiments is simplified because the center
portion of payload is not covered with attenuant, A continuous external

cover provides protection for the attenuant.

4.1.3 Duo~hemisphere Lander. - This concept, shown in Figure 4.1-3, con

sists of a cylindrical payload package proteéted by hemispherically shaped
sections of energy absorption material located at each end. Because of its
shape and offset center of gravity, the lander should come to rest on i1ts
side. TFrection is accomplished by two fabric legs wrapped argundlthe ex-~
terior surface of payload. After landing, the legs are inflated causing the
entire lander to roll to én upright position for deployment of experiments.

Spring actuated legs are deployed to stabilize the lander.

4.1.% Evaluation. - Each concept was qualitatively evaluated based on
previous study results of similar configurations. Comments regarding advan-

tages and disadvantages of each configuration are presented in Figure U4,1-k,

4,1.5 Concept Selection. = Comparisonlof the three crushable concepts

shows that each has individual characteristics that may be desirable for &

specific payload and mission. The primary attributes of the sphere are;

11



CRUSHABLE TORUS
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DUO-HEMISPHERE LANDER
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ADVANTAGES AND DISADVANTAGES OF CRUSHABLE I_LANDING SYSTEMS

Configuration
9

.

CRUSHABLE SPHERE

CRUSHABLE TORUS

DUO-HEMISPHERE

Advantoges

Confidence in attenuation
system becouse it is free
of mechonisms.
Completely passive landing
syslem.

Proven landing system
feosibility.

Simple erection ond level-
ing system,

Good visibility for surface
experiments

. Confidence in atienuation

system because it is free
of mechanisms.

. Completely passive londing

system,

. Payload shape offers effi-
cient packaging of equipment.
. Attenuant provides some pro-

tection from erosion by wind
blown particles.

. BEasy to deploy soil sam-

. Completely passive landing

system.

. Moderate landing load foctors.
. Payload dimensions can be

changed to accommodate
particular experiments.

. Easy to deploy experiments.
. Attenuont provides some

protection from erosion by
wind blown particles.

6. Stows well in geroshell. pling experiments.

7. Easy separation from cero- . Payload shape can be
shell. changed to accommodate

particulor experiments.

. Stows well in aeroshell.

. Easy separation from aero-
shell.

1 Minimized landing system . Bistable concept requires: . Concept may be limited to
weight results in high lond- a) Dual instrumentation, or, moderate or low velocities.
ing load factors, b) Gimbalied poyload or, . Attenuvant susceptible to

2. Erection andfeveling system ¢} Mechonism for turning crushing from inside by
susceptible to puncture. lander over. poyload.

Disadvontoges 3. Mission success dependent . Minimized landing system . Difficult to stow in aeroshell.
on removing top hemis- weight results in high . Erection system susceptible to
phere of attenuant. load factors. puncture

4. Difficult equipment instollo- . Attenuont susceptible to
tion in spherical payload. crushing from inside by

5. Difficult to deploy soil payload.

sampling experiments.

Figure 4.1-L




high confidence level with this proven system, good stowability in the»aefo—
shell; and good visibility for surface experiments. A torus is preferred if
the paramount characteristics are efficient packaging of equipment, flexibil-
ity in packaging various experiments, and easy experiment deployment. ‘The
duo-hemisphere appears to offer somewhat lower landing load factors forw
equivalent landing system weight. Selection of the crushable torus concept
as the leanding systeﬁ to be studied will allow investigation of both spheres
and torii by appropriate dimensional veriation. This will sllow the broadest
possible range of study of candidate crushable configurations for vehigles

in the intermediate landihg category. ‘Therefore, we have chosen the crush-

able torus as the analytical model.

§,2 INFLATABLE CONCEPTS STUDIED - The four inflatable concepts discussed
in the following paragraphs were judged capable of meeting the constraints
defined in Reference (1). They are the sphere, single torus, triple torus,

and multiple torus. The single torus was selected for detailed analysis.

h,2.1 Sphere. - This cpncept, shown in Figure 4.2-1, consists of a
cylindrical payload suspended within an inflated spherical impact hag by
numerous radial cords. An elastomer coats the fabric impact bag and provides
both gas containment and scuff resistance. The payload is located offrcenter,?f 
causing the lander to come to rest with the payload in an upright posifion.
After the lander comes to rest, the impact bag is deflated and separated into

two halves allowing the exposed payload to rest upright on the landing surface.

15
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4.2.2 Single Torus. - This concept, shown in Figure 4.2-2, consists of

8 cylindrical payload mounted In the center of an inflated torus impact bsag.
An elastomer coats the fabric'impac£ bag to provide gas containment and
scuff resistance. The payload is trunnion mounted in a gimbal ring that is
firmly sttached to the torus. During landing, the payload is locked to the
gimbal to prevent payload rétation and to provide continuous support to the
payload. When the lander comes to rest, the gimbal is unlocked allowing

the payload to rotate to an upright position. Rotation is accomplished by

offsetting the payload center of gravity.

4.2.3 Triple Torus. - This concept, shown in Figure 4.2-3, consists of

a cylindrical payload mounted in the center of three inflated impact bags.
Two large torus bags are designed to attenuate landing loads and the third
small torus is intended primarily to insure that the 1ander does not come to
rest on its end. The fabric torus bags are cogted with elastomer to provide
gas containment and scuff resistance. The payload is trunnion mounted in a

gimbal ring similar to the method used for the single torus.

Payload center of gravity is again offset allowing the payload to rotate
to an upright position when unlocked. The upper torus bag is then deflated

to provide greater exposure of the payload.

4,2,4 Multiple Torus. - This concept, shown in Figure 4.2-4, consists

of a cylindrical payload supported by four peripheral beams. Four torus
impact bags are attached to the ends of these beams. The fabric impact bags

attenuate landing loads and are coated with elastomer to provide both gas

17
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INFLATABLE TRIPLE TORUS
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INFLATABLE MULTIPLE TORUS
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conbainment and scuff resistance. A trunnion mounted payload is used similar

1o the single torus configuration. Payload center of gravity is offset so

that it swivels to an upright position when unlocked.

h,2.5 Evaluation. -~ The four inflatable concepts were qualitatively
evaluated considering previous study results of similar configurations.
Advantages and disadvaﬁtages of each configuration are presented in Figure

S

h,2-5,

h,2.6 Concept Selection. - The inflatable single torus concept was
selected for detailed analyéis. The primary reason for selecting this
concept is that the designs for the impact bag and payload support structure
are simple and straightfurwara. The spherical lander was not selected be-
cause of complexity associated with the methods for supporting and exposing
the payload. .Triple torus and multiple torus configurations are desirable
if greater view angles and payload exposure are required. The added com-
plexity of the triple torus concept and the high weight and poor stowability
features of the multiple torus make both concepts somewhat undesirable.
Study of the single torus will prbvide a basis for better understanding of

the other pneumatic concepts.
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5. CRUSHABIE TORUS LANDING SYSTEM

This section describes the computer programs developed to predict
landing loads and motions and the efficient structural design of crushable
torus configurations. Studles performed using these programs leading to a

selected crushable torus configuration are also presented in ﬁhis section.
5.1 COMPUTER PROGRAMS

5.1.1 Crushable Torus Structural Design Program. - This program, which

is discussed in detail in Appendix A, provides the capability for either
establishing crushable torus configurations meeting design constraints or
for evseluating existing configurations. Operation of this program requires
initial selection of a payload, payload-attenuator overlap, attenuator

materisl, and desired velocity capability.

To allow maximum flexibility the program was written in two parts. The
configuration design part of this program is used to determine required
attenuator dimensions providing the desired flat and end landing velocity
capabilities. If it is desired to check the velocity capability of & config-
uration for any attitude between flat and end, the omnidirectional loads part
of this program is used. This program is limited to constant attitude crush-

ing.

Dimenslonal variasbles used to represent the payload and attenuator are
shown in Figure 5.1-1. The payload is a éisk with elliptically éhaped circum-
ferential surfaces. The attenuator is assumed to be oriented with its princi-

pal crushing‘axis perpendicular to the paylosd surface. Attenuator shape Is

23
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defined by elliptical, circular, and cylindrical shaped surfaces. By appro-
priate dimensional variation, crushable spheres can be investigated as well

as various torus configurations.

Besides providing the ability to vary payload shape the program allows
variation of the following parameters: attenuator material properties;
rock dismeter; friction coefficient; desired flat and end velocity capability;
and inclination of tﬁe contact angle between the planet surface and the
véhicle axes (constant angle throughout stroke). Toad factor can be minimized
by parametrically varying input payload shape, attenuator-payload overlap,
and/or attenuator meterisl until the actual internal crush force approaches
the alloweble internal crush force. Attenuator material properties used in
the program are density and‘radia;, shear, and transverse crush stress. In
addition, the allowable shear stress between the payload and attenustor is
input. An input exponential factor is used in the interaction equation

relating shear and radisl stress,

Output data include: required attenuator dimensions; payload weight;
landing system weight (cover, adhesive, and attenuator material); and maximum
load factor and velocity capability for flat landing, end landing, and landing
at the input contact angle. Data output as a function of stroke for flat, end,
and oblique landing include: foobprint area; normel crushing force and friction
force (input coefficient of friction assumed acting throughout stroke); normal
crushing force for zero coefficient of friction; and maximum allowable friction
force (with no normal force acting on the crush plane). With friction acting,

a smaller normal force will crush the attenuator and a larger volume of
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attenuator material is required. Ioad factor is generally a maximum when
there is no friction acting. Internal attenuator crushing (payload cannon
balling) may be determined by comparing calculated values for actusl internal
crushing force and allowable internal crushing force (both flat and end

landings).

5.1.2 Crushable Torus Landing Ioads and Motions Program. - This program

is used to predict time histories of landing loads and spatial motions for an
intermediate landing vehicle utilizing a crushable torus landing system. The
program was written to provide six degrees of freedom motions for the lander
defined by the Structursal Design Program discussed in Section 5.1.1. Varia-
tions in geometrical proportions of landing system and payload, identical to
those defined in Section 5.1.1, are ﬁermissible. Any energy absorption
material, having known mechanical and physical properties, such as honeycomb
or foam, may be used. Strain energy stored in the attenuator, which can be
recovered in the form of springback, is modeled also. Any density may be
selected for the payload, and the program calculates the weight and inertias
of the vehicle using the payload and attenuator densities input. The planet's
surface conditions may be varied by selecting any rock diameter, any coeffici-

ent of friction, and any surface slope (positive or negative) less than 80°.

A very important feature of the program is its spatial motion capability.
It can consider translational and rotational motions in any direction arising
from the input initlal conditions or the external loads and body forces on it.
Program running time may be reduced by selectively locklng out as many of the
six degrees of-freedom as deslred by input indicator. >These motions can be

referenced to any of three coordinate systems, one in the vehicle and two on



the surface, which are provided so that motions can be referenced to the most
meaningful coordinate system, or, in some cases, to more than one system so

that data can be more easily understood.

Any of three integration techniques can be selected for the numerical
integration of the equations of motion: fourth order Runge -~ Kutta and fixed
and variable step modified Adams ~ Moulton Predictor-Corrector. Three
choices were provided because each technique has different advantages and

disadvantages, and no one is optimum for all cases.

The program prints out three types of dats; iﬂput parameters, time
invariant values, and time histories. The time histories are printed out in
blocks, one for each time point printed. The size of these blocks and the
variables in them can be changed-by input parameters. Most of the calculated
values in the program are stored in the program common block (COMINT) (see

Appendix E), and any variable in COMINT can be printed out.

The progrem has multiple case capability in a single run. It can run
as many cases as desired, with only the changes between cases being read in

for each succeeding - case after the first.

Program termination occurs when one of up to eight different time vary-
ing parameters (simultaneously checked while the program is running) exceeds

the input limit value,
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The program is written to make modification and improvements easier.
It is divided into subroutines so that calculations are in functional groups,
and can be modified and improved separately. Additional subroutines, not
used in the present program, are in the program deck and are provided for
later inclusion, if desired, of aerodynamic forces and further envlironmental
parameters. Capability is built into the equations of motion and the inertia
subroutine to handlé time varying vehicle moments and cross products of
inertia, even tﬁough the program is not presently set up to use them since
they are assumed to have negligible change. Finally, comment cards have

been used liberally in the program to make it more understandable.

Landing conditions caqsing high torques and large rotational rates
during attenuator crushing may create large rotations of the lander. TFor
these conditions, the crush plane at any time may intersect a previously
crushed plane, This violates the ass;mption mentioned in Section B.2.2 that
the crush plane always contact virgin material. An analysis of such a case,
presented in Section 5.7, éhowed that crush plane intersection occurred after
the maximum stroke point had been reached as the lander was rebounding and
rotating. During the period when the crush planes intersect, the program
used a zero force although a small crushing force should have been acting.
The impulse imparted to the lander by this force acting over a short time
period would not appear to materially affect the motions of the lander. If
the program is used to study landers and landing conditions where intersect-
ing crush planes are anticipated, vehicle orientation relative to stroke
should be checked to determine the extent of overlap and resulting accuracy

of loads and motions.



5.2 PAYLOAD SHAPE COMPARISON ~ Payload and attenustor dimensions for
the crushable torus are shown in Figure 5.1-1. There are two payload shape
ratios which influence landing load factor and landing system wéight: the
ratio of the radius of the cylindrical portion of the payload to the payload
half-height (G/B); and the ratio of the major to minor radii of the outer
elliptical shaped portion of the payload (B/A). The influence of these
ratios on landing system weight, end landing load factor, and flat lahding
load factor are shown in Figures 5.2-1, 5.2-2, and 5.2-3 regpectively.

These figures are for a constant payload weight of 500 pounds, velocity of

85 feet per second, 5.0 inch rock diasmeter, and coefficient of friction of 0.3.

As the parameter G/B is increased, landing system weight and end landing
load factor are decreased, but flat landing load factor 1s increased (see
curves for 4.5 lb/ft3 styrofoam and B/A = 2,0). Since G/B ratios largef than
i, begin to exceed the allowable dimensions for stowage in the aeroshell, no
larger G/B ratios than I were investigated. Internal crushing for all points
on these curves was not critical and attenuator/payload overlap was minimal
(c =‘O.50 inch constant) minimizing the influence of this parameter. Use of
a spherical shaped lander results in the lowest flat landing load factors
due to its relatively small footprint area while crushing. Use of toroidal
landers with a G/B ratio of 3 to 4 results in the lowest landing system

weights and best payload exposure after landing.
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INFLUENCE OF PAYLOAD SHAPE PARAMETERS ON FLAT L ANDING LLOAD FACTOR
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An increase in the payload shape parameter B/A causes a decrease in
flat and end load factors and landing system weight (see curves for 4.5 lb/f‘r,3
styrofoam and G/B = 3.9). A B/A of 4,0 was selected as optimum. A payload
with a flatﬁer elliptical end may experience internsl crushing, unless addi-
tional overlap (dimension ¢) is provided. TFor a gilven payload shape the
load factor can be minimized by reducing dimension C until the actual internal
crush force approachés the allowable lnternal crush force. Attenuator materi-
éls with low transverse crush stress are most prone to internal crushing.since
most of the loads from the payload and upper half of the attenuator must be

carried through the lower half of the payload/attenuator bond.

5.3 ATTENUATOR MATERIAL COMPARISON ~ Candidate crushable attenuaﬁor
materials for planetary 1anding systems are balsa wood, steel and aluminum
honeycomb, aluminum trussgrid, fiberglass honeycomb, thermoplastic foams,
and thermosetting foams, The significant material property affecting load
factor is crushing stress, while the material property influencing landing

system weight is specific energy.

To achieve a crushable landing system which meets the iﬁtermediate
lander specified load factor range (50 to 300 earth g's) requires use of
materials with relatively low crushing stress. For spherical shaped landers
crushing stress should be less than about 250 psi, while for torus landers
with a G/B = 3.9 and B/A = 4,0 the crush stress should be less than about
Ty) psi (see Figure 5.3-1). Thus very low aensity materials such as sluminum
honeycombs, aluminum trussgrid, and foams are required for the intermediate

lander load factor range since low density is the best means of achieving
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low crush stress.

Internal attenuator crushing (payload cannonballing) can be a critical
factor for the low crush stress atténu&tor materials., Materials with little
or no transverse strength‘require more payload/attenuator overlap since all
lJoad from the payload and upper attenuator miust be carried by the lower

attenuator/payload bond. Consequently, use of alumihum trussgrid and styro-

foam, which have transverse crush strengths equal to the radial crush strength,

require less overlap and generally minimize internal crushing problems.

Attenuator allowable shear stress associated with radial and transverse
crush stress can influence load factor and landing system weight 1f design
coefficient of friction is large. Application of shear to the attenustor
reduces the stress at which normal crushing occurs, réduces load factor,
but increases the amount of attenuator required to absorb the landing impact.
Throughout this study a coefficient of friction of 0.3 was assumed to be
acting constantly through the stroke. When friction was considered in the
analysis, flat landing load fector for a typical case (3.0 1b/ft3 aluminum
trussgrid with allowable shear gtress equal to 90 percent of the radial
crush stress) was reduced by 5.7 percent while landing system weight was
increased by 8.4 percent compared to the analysis with no friction, Ioad
factor used for design would be the largest value obtalned utilizing a speci-~

fied coefficient of friction or a frictlon coefficient of zero.

Landing system weight as a function of attenuator material specific
energy,(XKw) is presented in Figure 5.3-2 for torus landers with a G/B of

3.9 and a B/A of 4.,0. The balsa lander is shown to be the lightest of those
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compared since it has a relatively high specific energy. A portion of the
attenuator, required to provide clearance between the landing surface and
payload, is not available to absorb energy. Weight of this portion is a
function of attenuator density and volume providing the needed clearance.
Therefore, both material density and specific energy influence landing
system weight. The effect of density on weight can be seen by comparing
the total and effective landing system weight for the 1.8 1b/ft3 and

L.5 lb/ft3 styrofoam (Figure 5.3-2).

B.L SELECTED CONFIGURATION ~ The crushéble torus concept was chosen
becauvse it offers efficient equipment packaging, flexible experiment packag-—
ing, easy experiment deployment, and»relatively low landing system weight,

A payload with shape parameters G/B.= 3.9 and B/A = 4.0 optimizes these con-
cept attributes within the aeroshell compatibility requirement (lander must
stow in-a 9 foot base diameter 120° blunted cone aeroshell). Of the low
density attenuator materials studied, the 3.0 lb/ft3 density aluminum truss-
grid results in a lander design which has the lowest flat landing load factor
without experiencing internal crushing, meets the total weight constraints,
and stows well in the aeroshell, Use of a 1.8 lb/ft3 styrofoam results in

a lighter design, but slightly exceeds the desired load factor and is too
large to stow well in a 9 foot base diameter aeroshell., Thus, the selected
baseline configuration, detailed in Figure 5.4~1, meets the specified inter-
mediate lander constraints although it is at ﬁhe upper limit for load factor

(300 earth g's),
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To obtain lower landing load factors would require: reducfion of land-
ing velocity from 85 fps; use of sttenuator materisls with a lower crushing
stress than 30 psil without violaeting 1nternal crushing criteris; an increase
in eseroshell base diesmeter; use of spherical shapes; and/or increase in the
payload density by reducing paylosd volume or reducing payload size. All of
the aforementioned means of reducing load factor either violate the speci- '
fied cr;teria or result in undesirable payload packaging, exfosure, and

deployment.

The attenuator msterisals investigated in this study were those currently

available and considered most promising within the specified constraints.
Additional studies of low crushing stress materlals would be desirable,
particularly if the intermediate lander aeroshell base diameter is increased

to accomodate a larger lander or if the payload is reduced in size.

The orientation of the aluminum trussgrid ribbon for a typical tapered
segment is shown in Figure 5.4-1. This orientation provides maximum resis-
tance to internal crushing for a flat landing. The tapered segments are
bonded to each other and to the payload. A nomex cover is bonded on the

outer surface of the attenuator to prevent shredding.

5.5 AEROSHELL COMPATIBILITY - An aeroshell instellation drawing was
made to determine the compatibility of the baseline crushable torus lander
when installed in a 9 foot dlameter aerosheil. This installation isg shown
in Flgure 5.5~1. Major components of the assembly are s 9 foot aeroshell,

the baseline crushable torus lander, parachute canister support truss, de-
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orblt motor support truss, and a de-orbit motor.

The lander is positicned with the major axlis of the torus perpendicular
to the centerline of the aeroshell. The lander is cradled in the aeroshell

by support brackets attached to the aeroshell structure.

The parschute cenister sgsupport truss straddles the torus and provides
structursl carry-thru for the lander tle-down straps in addition to suspend-
ing the lander during the parachute phase of the landing. The truss also

provides & load path for the thrust from the de-orbit motor.

A thermal curtain encloses the lander and parachute canister to provide
protection from serodynemic heating during entry. The curtain is released

with the aeroshell separation.

5.6 EXPERIMENT DEPLOYMENT - Figure 5.6-1 shows the baseline crushable
torus with the exposed peyload area available for experlment deployment.
Lander is shown both'with no crushing and with maximum crush plane on one

side,

Since the torus lender is bi-directlonal, experiment instrument deploy-
ment is accomplished by one of the followlng arrangements:
(1) 1Installing dual instruments and equipment that must be deployed.
(2) Provide a flip-over mechanism to right the lander in case it
comes to rest upside down.
(3) Provide a gimbal for those instruments and experiments that must
be orientated prior to deployment. The lestter concept was used

for the baseline payload studies.
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PAYLOAD EXPOSURE FOR EXPERIMENT DEPLOYMENT
CRUSHABLE BASELINE DESIGN

Maximum Payload Exposure
for Vertical Instrument
Deployment

Maximum Crush
Plane One Side

Figure 5.6-1



A typical payloed equipment 1list is shown iﬁ Figure 5.6-2 for the
501.7 pound payload used in the baseline torus studies. Science instruments
included are a facsimile camera; gas chromatograph/mass spectrometer; life
detector, soil acquisition mechanisﬁ; meteorology including atmospheric
humidity, temperature, pressure, and wind sensor; subsurface probe; and a

bound water instrument.

5.7 LANDING LOADS AND MOTIONS -~ To evaluate the landing characteristics
of the selected crushable torus design, three landing conditions were inves-
tigated with the Crushable Torus Landing loads and Motions Program (Appen-

dix B). The three cases were exactly the same except for the heading of their
‘initial horizontal velocity component. The initial horizontal velocity com~
ponents were directed (1) along the Ys axis (down slope), (2) 45° from the

Yr axis (45° down slope), and (3) 90° from the Ys axis (cross slope). A1l
three resultant initial velocities were 85 ft/sec oriented on a 30° cone

sbout the Zg axis.

Initially, the lander X axis was parallel and in the same dlrection as
the Zf axis. The lander Z axis was parallel and in the same direction as -
the Y axis. The surface slope was 3h°, the coefficlent of friction was .3,
and the elastic stroke rebound was O.4k inches. The lander geometry is

described in Section 5.4,
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TYPICAL CRUSHABLE LANDER EQUIPMENT
BASELINE DESIGN

YOLUME WEIGHT

ITEM (IN.3) (LB)

Science 1387 52.7
Deployment & Orientation 280 30.0
Communications 1263 72.0
Sequencer 310 13.0
Radar 95 5.0
Electrical Power 1500 77.0
Wiring and Miscellaneous 1415 75.0
Subtotal Equipment 6250 324.7
Structure 1220 120.7
Thermal Control 6247 56.3
Total Payload 13717 501.7

Figure 5.6-2




The translational and angular veloclty time histories are shown in
Figures 5.7-1 thru 5.7-6. From Figures 5.7-4, 5, and 6, it is seen that the
cross slope condition resulted in the hlghest angular velocities. The cross
slope case experlenced the two impacts and rebounded in & much shorter time
then the'other two cases. The down slope and 45 degree down slope conditions
underwent the two impacts in about the same period of time. The lattér
case left the ground a little earlier for the second rebound than did the

down slope configuration.

The trajectory of the lander center of gravity is shown in Figures 5.7-7
and 5.7-8. This informstion is presented as the projections of the center
of gravity motion on the plane of the landing surface and the Y14 - Zy4 plane.
It can be seen from Figure 5.7~8 that the two impacts shown for each of these
three cases occur before the center of gravity rebounds. The two impacts
are caused by one edge of the attenuator impacting first, causing lander
rotation, then the other edge impactling, reducing or reversing the rotation

(see Figure 5.7-4 thru 5.7-6).

‘Time histories of the forces and moments acting at the lander center of
gravity ére shown in Figure 5(7-9 and 5.7-10 for the down slope case, The

loads are referenced to the lander coordinate system.

As mentioned in Section 5.1.2, a basic assumption to the progrem is
that crush planes do not contect previously crushed planes. These three
cases do violate this assumption to some extent. As an example of the

problem, the motions of the crush plane are illustrated for the down slope
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case in Figure 5.7-11. Crush plane intersection, which is indicated by the
shaded area in this figure, occurs during the rebound portion of the initial
impact. A small force should be applied to the lander during the short .
period when the crush planes intersect, however the program has conservatively
used zero force. The impulse imparted to the lander by the small force act-

ing over a short time period would not appear to materially affect the motions

of the lander.

In the cases studied where intersecting crush planes occur, the inter-
section occurs after the maximum attenuator stroke is reached. The relatlon-
ship between lander rotational rate and the rate of change of stroke deter-

mines if the crush pleanes intersect,
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Moments About Lander Center of Gravity — 10,000 Ft-Lb
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6. INFLATABLE TORUS LANDING SYSTEM

This section describes the computer programs developed to predict land-
ing loads and motions and the efficient structural design of inflatable torus
configurations. Studies performed using these programs leading to a selected

inflatable torus configuration are also presented in this section.
6.1 COMPUTER PROGRAMS

6.1.1 Inflatable Torus Structural Design Program. - This program, which

is discussed in detail in Appendix C, provides the capability for establishing
inflatable torus configurations meeting specific design constraints. Opera-
tion of this program requires-initial selection of a payload, bag material,
desired velocity capability, and desired load factor. The program then deter-
mines torus dimensions, internal pressures, and bag thicknesses ,providing the
required yelocity capability and load factor for flat landing. Velocity capa~
bility, load factor, énd bég stresses for end landing are also determined,

and if a bag thickness increase is necessary, the program automatically reruns
both flat and end landing calculations with an updated bag thickness and
Weigﬁt. Normally the outer 120° segment of the bag is critical for end land-

ing.

The program will also determine load factor and velocity capability for
any desired input unidirectional landing attitude (constant attitude strok-
ing). Flat landing has been found to be critical from both a velocity capa-

bility and load factor standpoint. The velocity capability increases and the



load factor decreases as landing attitude (BET) is increased from 0° (Flat

Landing) to 90° (End Landing).

Dimensional variables used to represent the payload and attenuvator are
shown in Figures 6.1-1 and 6.1-2. The payload is a cylinder attached to the
torus attenuator by a gimbal ring. Thickness of the torus attenuator is
determined by the program in integer number of plys at three locations around
the circumference. Properties of a single ply of the bag material as well as
desired minimum number of plys at the three locations are input quantities.
Any elastomer used to seal the bag, which is a function of the number of plys,
should be included in the weight of one ply. Weight of any scuff protection

for the bag, which is a function only of surface area, is a separate input.

Deflected torus shape has been used as the analytical basis for calcula-~
tion of footprint area, volume change, and torus stresses. Pressure rise is
determined based on volume change, assuming a polytropic process. A4 two
spring/mass dynamic model is utilized for a flat landing, and a single spring/
mass dynamic model is utilized for landings other than flat. The program
allows the user to select the desired minimum number of plys at three loca-
tions, and internally calculates the torus thickness required in integer

number of plys if minimum ply strength is exceeded.

An inflatable torus drop test program to determine the effects of land-
ing velocity, payload weight, and torus préssure on payload stroke and accel-
eration under simulated Mars atmospheric pressure was conducted by McDonnell

Douglas Astronautics Company, Eastern Division, under NASA Contract NAS-1-7977
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for Langley Research Center. Test results for the drop test progrem,. pre-.
sented in Reference 2, substantiate the analytical models chosen for the

Inflatable Torus Structural Design Computer Progranm.

Output data include: bag radius (RS); torus radius (Rp); inflation
pressure; maximum pressure; payload weight; landing ;ystem weight (torus fabric,
elastomer, scuff protection, and gas); inflation system weight (gas and tank);
pequired number of plys at three locations; meximum running load at three
points on the bag;rand maximum losad factor and velocity capability for flat
landing, end landing, and landing at input contact angle. Data output as a
function of stroke include: total force normal to the surface; Ilnternal bag

pressure; footprint area; and velocity capability.

6.1.2 Inflatable Torus Landing Ioads and Motions Program. - The Inflate-

able Torus Landing loads and Motions Program determines the positions, velo-
cities, and accelerations of a given inflatable torus lender as a function of
time. The lander's configuration may be established with the Inflatable
Torus Structural Design Program (Section 6.1.1 end Appendix C), or & lander
design may be available from some other source. Operating instructions,
together with a discussion of the methods of analysis and two example runs,

are presented in Appendix D.

The torus lender is assumed to have the geometric properties shown in
Figure 6.1~1. The lander is comprised of two mein parts; the inflated land-
ing system and the payload. The payload consists of a cylindrical shaped .
rackage mounted in the center of the inflated torus impact bag. A gimbal

ring supports the payload structure which éllows the required payload



alignment following landing. During landing, this gimbal ring is locked so
that it provides rigid support for the payload. The payload package and

gimbal ring are assumed to have a uniform weight density.

_rThevinflatable torus is construéted of a suitable fabric coated with an
elastomer to pro&ide gas containment and scuff resistance. To provide the
required torus strehgth properties with a minimum weight, the thickness of
‘the torus material may be varied over three sections. An input quantity is
available to account for the hysteresis effects of the torus material. The

torus is considered to be an unvented, uncompartmented structure.

‘The analysis developed in this study was correlated with the inflatable
torus drop test program results presented in Reference 2. The Inflatable
Torus Landing Loads and Motions Program provides adequate predictions of the

results obtained during this test prdgra.m.

Features incorporated in this program include the ability to: simulate
spatial motions; suppress degrees of freedom to conserve compuﬁational time;
vary the torus hysteresis factor, lander geometry, surface slope, coefficient
of friction, and rock diameter; select variable or constant step Predictor-
Corrector or Runge-Kutta integration methods; select values for as many as
eight independent time history variables for problem termination; and to
revise the form of the program output with indicators set thrduéh the input
data. The computed lander time history variables may be referenced to any of

three coordinate systems. Two of these are fixed in the planet's surface and
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the other moves with the lander's center of gravity. In addition, the pro-

gram has a multiple case capability.

Major analytical considerations are grouped in subroutines which allow
modifications and improvements to be made with relative ease. Also, addi-
tional skeleton subroutines are provided with which the effects of aerodynamic

and environmental conditions can be included in the analysis.

6.2 PAYLOAD SHAPE COMPARISON -~ Payload and attenuator dimensions for the
inflatable torus are shown in Figure 6.1-1. The influence of the payload shape
parameter A/C, which is the cylindrical payload diameter divided by payload
height, on landing system weight, bag radius, and absolute inflation pressure
is shown in Figures 6.2-1, 6.2-2, and 6.2-3, respectively. Ambient pressure
for all studies was 0.0725 psi. These figures are for a 500 pound payload, a
velocity of 85 feet per second, and a 5 inch diameter rock. Separate curves
are shown for 50, 150, and 300 earth g load factor designs. The Inflatable
Torus Structural Design Program allows the tailoring of bag radius, bag thick-
ness, aﬁd inflation pressure to provide desired load factor for flat landings.
Inflatable systems allow considerably more flexibility than crushable systems
in achieving desired load factor in the intermediate landing category. Basi~
cally, this is because crushable materials are only available with specific
properties, and do not allow continuous variation as does bag inflation pres-

sure for the inflatable landing systems.

Selection of an A/C ratio of between 3.5 and 5.0 depending on desired

load factor results in a minimum weight landing system (éee Figure 6.2-1).
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Values of A/C larger than 5.0 result in heavier landing systems because of
minimum bag thickness (ply) restrictions. Inflatioﬁ pressure is not greatly
affected by payload shape parameter A/C, particularly for 50 and 150 g load
factor curves (see Figure 6.2-3). Required bag radius is slightly reduced as
payload shape parameter A/C is increased_(see igure 6.2-2). Landing system
weight and required bag radius are shown to decrease, and inflation pressure
is shown to increase as design load factor increases in Figure 6.2-4 (for

constant A/C = 4.0 and fabric weight = .017 lb/ftz).

6.3 BAG MATERIAL COMPARISON - The effect of fabric weight (thickness)

© on landing system weight is also shown in Figure 6.2-1 for the 150 g load

factor curves. Thin fabric (fabric weight = .017 lb/ftz) allows a design

- closer to optimum than a relatively thick fabric (fabric weight = .077 1b/ft2)

and consequently allows a 12.7% weight savings for A/C = 4.0. The thin fabric
is not as desirable from a manufacturing étandpoint, however, since 14 plys

are required at the payload attach for the thin fabric, whereas only 3 plys

~ are required for the thick fabric (for A/C = 4.0). There is little differ-

-ence in either bag radius or inflation pressure for the two fabrics.

6.4 SELECTED CONFIGURATION ~ The inflatable single torus was chosen
because it offers efficient equipment packing, flexible experiment packaging,
easy experiment deployment, and lowest landing system weight. A payload shape
parameter A/C of 4.0 optimizes these concept attributes within the specified

constraints of Section 3. Selection of a baseline design allowing flat land-

\

ing at 150 earth g's of a 500 pound payload was made since this was near the
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center of the load factor range. End landing load factor is 71 earth g's for

the baseline.

The baseline inflatable torus is shown in Figure 6.4~1. The bag is con-~
structed of 2 plys of HT-1 (Nomex) on the outer 120° portion of the bag and
3 plys of HT~1l on the ipner 240°, One ply weighs .077 lb/ft2 and has a
strgngth of 534 1b/in., An 85% seam efficiency factor reduces the allowable
running load to 454 1bs/in. The bag is composed of 20 gores per ply bonded
together and attached as shown in Figure 6.4-1, to the gimbal ring. Use of
this material (.077 lb/ftz) rather than the thinner Nomex (.017 1b/ft2) allows
reduction in the number of plys from 14 to 3, while adding 21 pounds to the
landing system weight. Abrasion and puncture protection and torus seal are
obtained by uniformly coating the torus with an elastomer (silicone rubber
compound of the methyl-phenyl type). A weight of .132 lb/ft2 was included

for this material.

Required inflation pressure is 5.31 psi absolute (.0725 psi ambient pres-
sure) with 2.7 pounds of nitrogen gas being supplied from a 20.7 1b. tank,
which is not landed (tank is removed by the parachute when it is released
prior to lander impact). The ideal gas constant of 1.40 for nitrogen was

used in the computer run (program assumes a polytropic process). Maximum

limit pressure during impact is 6.25 psi.

6.5 - AEROSHELL COMPATIBILITY -~ Aeroshell installation of the inflatable
torus is quite similar to the crushable torus. Since, the inflatable torus

is stowed in the deflated condition, the payioad package will sit lower in



INFLATABLE TORUS BASEL.INE DESIGN
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the aeroshell. This will yield a center of gravity of the entry vehicle a
little closer to the apex of the aeroshell cone than was obtained with the

crushable torus installation (see Figure 5.5-1).

6.6 EXPERIMENT DEPLOYMENT - The exposed payload area available for
experiment deployment of the baseline inflatable lander is shown in Figure
6.6-1. The lander is shown on both a flat horizontal surface and a 3L degree
slope. The shaded area shows the maxi.mum envelope available for instrument

deployment without interference with the bag,

Design layout of the payload package was prepared for the list of equip-
ment shown in Figure 6.6-2. [Equipment and structural arrangements of the

payload package are shown in Figure 6.6-3.

The complete payload package is supported by a single gimbal ring which

allows the payload to right itself after the lander comes to rest.

6.7 LANDING LOAD3 AND MOTIONS - To evaluate the landing characteristics
of the selected inflatable torus design, a number of landing cénditions were
investigated with the Inflatable Torus Landing Loads and Motions Program
(Appendix D). The lander had an initial attitude oriented so that the X, Y,
and 7 axes were parallel to and in the same direction as the planet's Zg, Xf,
and Yy axes, respectively. A local surface slope of 3k degrees with a 0.3
coefficient of friction was investigated. Various initial lander velocities
with a resultant of 85 ft/sec oriented on a 30 degree cone about the gravity

vector were considered. This resulted in the lander having an initial



PAYLOAD EXPOSURE FOR EXPERIMENT DEPLOYMENT
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TYPICAL INFLATABLE LANDER EQUIPMENT
BASELINE DESIGN

VOLUME WEIGHT
ITEM (IN.3) (LB)

Science 1387 52.7
Deployment and Orientation 373 40.0
Communication 1263 72.0
Sequencer 310 13.0
Radar 95 5.0
Electrical Power 1500 77.0
Wiring and Miscellaneous 1415 75.0
Subtotal Equipme nt 6343 343.7
Structure 1020 99.8
Thermal Control 6970 62.8
Total Payload 14 333 497.3

Figure 6.6-2
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velocity with components along the Zy axis and in the Lp-Yp plane. The

lander geometry considered is given in Section 6.4.

The following figures show the translational and angular lander velocity
time histories and lander center of gravity trajectories for three of the
cases, In these cases, the direction of the initial velocity's componrent in
the Xf—Yf plane was referenced to the Yf axis. The three cases consist of
thié velocity component directed (1) along the Yy axis (down slope), (2) 45
degrees from the Y, axis (45 degrees down slope), and (3) 90 degrees from the
Ye axis (cross slope). Also, additional load time history information is

presented for the down slope conditibn.

The translational and angular veloéity time histories are shown in
Figures 6.7-1 through 6.7-L. From Figure 6.7-4, it is seen that the cross
slope condition resulted in the highest angular velocities. In addition, this
case experienced only one impact in the time interval considered. This first
impact was much longer in time duration than the first impact for the other
two cases. The initial impact for the down slope and the 45 degree down slope
cases, ended at about the same time. However, the latter case hits the ground

sooner for the second impact.

The trajectory of the lander center of gravity is shown in Figure 6.7-5.
This information is presented as the projections of the center of gravity
motion on the plane of the landing surface and the Yy5 -275 plane. It can

be seen, that in both the 45 degree down slope and cross slope cases, the



lander center of gravity experienced quite a bit of down hill motion relative

to the direction of the initial velocity.

Additional information for the down slope case is shown in Figure 6.7-6.
Here, the time histories of the forces and moments acting at the lander
center of gravity are shown. The loads are referenced to the lander coordi-

nate system.
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LANDER CENTER OF GRAVITY VELOCITY IN LOCAL SURFACE X DIRECTION
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LANDER CENTER OF GRAVITY VELOCITY IN LOCAL SURFACE Y DIRECTION
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T. CONCLUSIONS

Both the Crushable Torus and the Inflatable Torus Structural Design
Programs developed 1n this study have been shown to be capable of satis-
factorily establishing configurations meeting the criteria specified in
this report. Utilizing the baseline configurations established with these
programs, the capability of the Crushable Torus and the Inflatable Torus
Landing ILoads and Motions Programs to predict six degrees of freedom motions

was demonstrated.

The crushable torus configuration detalled in Section 5;& has been
analyzed using the computer programs developed in.this study and has been
shown to satisfactorily lend a 15.5 slug payload at 85 feet per second with
a maximum load factor of 300 earth g's and within the other constraints
stipulated in Section 3. Similarly the inflatable torus configuration
detailed in Section 6.4 has been shown to satisfactorily land the same pay-

load under the same conditions with a maximum load factor of 150-earth g's.

The inflatable torus may be tailored to provide any desired meximum
load factor/and velocity capability with minimum landing system welght by
varying bag radius, inflation pressure, and payload shape. The baseline
torus employs a payload shape parameter A/C, which is the cylindrical pay-
load diameter divided by the payload height, of k, This was found to be
optimum, resulting in the lightest inflatable landing system weight for the

speclfic design constraints studied.



Use of a spherical crushable lander résults in the lowest design
landing load factors, while use of a crushable torus employing a relastively
flaet payload results in the lowest landing system weight and best payload
accessability of the crushable concepts investigated. The baseline torus
employs payload shepe with G/B = 3,9 and B/A = 4.0, which was found to
result in the lightest crushable landing system welght for the specific
design constraints studied. The ratio G/B is the radius of the cylindfical
‘portion of the payload divided by the payload half height, vhile B/A is the
ratio of the major to minor radii of the outer elliptical portion of the
payload. Aluminum trussgrid with a density of 3.0 lb/ft3 was selected for the
baseline crushsble attenuator materisl becsuse its low crush stress (31 psi)
results in low load factors. Also, 1t possesses good transverse strength
which minimizes problems of internal attenuator crushing (payload cannoh
balling) encountered when materials with little or no transverse crush
strength were used. Plagstic foams also appear to have the desired material
properties to achieve landing load factors in the intermediate category, but
the specific foams investigeted generally produced a lander which was too

large for stowage in the aeroshell.

Seversl assumptions were required in developing the analytical models
for the four computer programs, Future program refinement or expansion could
be directed toward eliminatlion of the more restrictive assumptions discussed

in the following paragraphs.
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An important assumption made in the crushable torus programs is that
the crush plane always contacts virgin m;terial. This assumption is
violated 1if successive crush planes 1nter§ect and may occur when the lander
initial conditlons are such that high rotational rates are imparted to the
vehicle after attenuator stroke has reached a maximum. This did not lead
to appreciable errors for the many cases studied (see Aiscussion in

Section_5.7). Elimination of this assumption, requiring computer memory of

deformed amtenuatdr geometry, is necessary to be analytically precise.

Both inflatable torus programs employ a semi~empirical technique for
predicting the footprint area of the deformed torus. This procedure was
based on static tests conducted on a small inflatable torus model. Further
testing and analysis could refine this gemi~empirical approach for the

prediction of footprint area.

Results from the inflatable torus model drop test program indicated“
there 1s interaction between the payload and the torus material during
landing. Use of a multiple degree of freedom dynamic model would yield an
improved prediction of these landing motlons. A multiémass/multi-spring
model was initielly investigated in this study. However, it was not selected
because 1t could not be developed and programmed within the constraints

. defined for this study. Aé vas demonstrated in Section 6.7, the dynamic

model chosen gave dquite satisfactory results.
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APPENDIX A
A.1l INTRODUCTION

Thié program, which has been written for machine computation gn the
CDC 6400/6600 computer, provides the capability for either establishing
crushable torus configurations meeting design constraints or for evaluating
existing configurations. Operation of this program requires initial se-
lection of a_payload, payload-attenuator overlap, attenuator material, and
desired flgt‘and end velocity capability. The configuration design portion
'of this program then determines the required attenuator dimensions pro-
viding these velocity capabilities. TIf it is desired to check the velocity
capability for any constant attitude between flat and end, the omni-
directional loads portion of this program may be used with the outpuf
geometry from the configuration design portion. This program.w&s divided into
two parts to allow maximum flexibility, since it may'not always be necessary

to use the omnidirectionsal loads portion.

The procedure used to determine the load-stroke relationsﬁip in the
omnidirectional loads portion of this program is analytically identical to
the load-stroke subroutine of the Crushable Torus Landing lLoads and Motions
Program, This subroutine, which calculates normal crush force as a function
of stroke and lander attitude, employs all of the assumptions and deriva-
tions found in this Appendix except that it is of course not restricted to
constant attitude crushing. Additionally a variable ramp elastic stroke
recovery, simulating stored elastic energy producing rebound, haé been

added to the subroutine (See Appendix B).
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APPENDIX A
Dimensional variables used to represent the payload and attenuator

are shown in Figure A-1, The payload is composed of a cylinder with
elliptical shaped sides. The attenuator is assumed to be oriented with its
principal crushing axis perpendicular to the payload surface. Attenuator
shape is defined by elliptical, circular, and cylindrical shaped surfaces.
By appropriate dimensional variation, crushable spheres can be investigated,

as well as various torus configurations.

'

Besides providing the ability to vary payload shape, the program allows

variation of the following parameters: attenuator material properties;

rock diameter; friction coefficient; desired flat and end velbcity capa-
bility; and inclination of the contact angle between the planet surface and
the vehicle axes (constant angle throughout stroke). ILoad factor can be
minimized by parametrically varying input payload shape, attenuator-payload
overlap, and/or attenuator material until the actual internal crush force

approaches the allowable internal crush force. Attenuator material pro-

perties used in the program are: radial, shear, and transverse crush stress;

92

density; and attenuator-payload bond shear stress. An input exponential

factor determines the interaction between shear and radial stress.

Output data includes: required attenuator dimensions; payload weight;
landing system weight; and maximum load factor and velocity capability for
flat landing, end landing, and landing at thg input contact angle. Data
output as a function of stroke for flat landing, end landing, and landing
at the input contact angle includes: footprint area; normal crushing force

and friction force for the input coefficient of friction (assumed acting



APPENDIX A

OUU%LDW

_uu_:uc__xul\\

juswbag
dD[N2417) 9|qDIIDA

—tdDjiaAQ

2|qDiiDp

b——

AYL3W03O SNAOL IEVHSNAD

N
snio
U d uO)OU
_ ‘_oﬁo:cvtdu
| |
1
asdi)|3
Omnm_:m N_AO_._O>
g \_Iw_ﬂo_._o>
poojAo4 9]|qOIID A
_ 104D0UBLY
_ 3

Figure A-1

93



L

APPENDIX A

throughout stroke); normal crushing force for zero coefficlent of friction;
and maximum allowasble force parallel to the crush plasne (with no normal
force acting on the crush plane). With friction acting a smaller normal
force will crush the attenuator and a larger volume of attenuator material
is required: YLoad factor is generally a maximum when there is no friction
acting, so that both cases must be investigated. Internal attenuator
cyushing (payload cannon balling) may be determined by comparing calculated
values for actual internal crushing force and allowable internal crushing

force (both flat and end landings).



APPENDIX A
A.2 ANALYTICAL PROCEDURES

The cylindrical coordinate system used in this program utilizes X and Y
axes which rotate with the integration angle @ (see Figure A-2). Normal
crush force acting on the crush plane is calculated by double integration;
of DX and D@ for flat landings, and of DY and D@ for end landings. For
comparison, the coordinate system (X, ¥, Z) used in the Landing Ioads and

Motions Program is also shown.

Symbols, units, recommended range, and definition of required input
parameters are given in Figures A-3 end A-4. Output parameters are defined

in Figure A-5 and A-6. TFormat for machine input i1s discussed in Section A.3.

Major assumptions employed in the analyticel model derivation are:

1. Attenuator oriented with principal crush axis perpendicular to the
payload surface (radial orientation).

2. Stroke for ultimate velocity 18 equal to minimum of available height
minus so0lid height, or available helght minus rock diameter.

3. Energy sbsorbed is equal to area under the crush force vs. stroke
curve (no shock wave energy dissipation). |

4, Infinitely rigid surface -~ no proturberances or depressions.

« Rigid body payload.

No internal crushing - although program prints out a check on this.

Crushed material is located at surface contact plane.

. FElemental crush stress 1is constant with stroke.

O ® N O W

. Shear and radisl crush stress are combined by an input exponential

interaction equation.
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APPENDIX A

CRUSHABLE TORUS STRUCTURAL. DESIGN PROGRAM

INPUT PARAMETERS — PART A
SYMBOL UNITS RECOMMENDED DEFINITION
RANGE

AB,G Inches - Payload Dimensions — See Figure A—1
RHOP Lb/Ft3 40 - 80 Paylood Density
C,D Inches -~ Attenuator Overlap ~ See Figure A-1
RHOL Lb/Ft3 See Figure A8 Attenuator Density
XKW Ft-Lb/Lb | See Figure A—8[ Attenuator Specific Energy
RDIA Inches 0-5 Rock Diameter
VE Ft/Sec - Desired Edge Velocity
VF Ft/Sec - Desired Flat Velocity
ElF1 Assumed Attenuator Dimensions for Interpolation
E2, F2 Inches - (Program Automatically Determines These if No
E3, F3 Values are Entered)
RNORM Psi/Psi 0-1.0 Ratio of Aftenuator Transverse to Radial Crush Stress
RSHR Psi/Psi 0-0.7 Ratio of Payload Bond Shear to Radial Crush Stress

of Attenuator
STREF In./In. 0.5-0.8 Stroke Efficiency (Available Stroke Divided by

Uncrushed Height)
RSHCR Psi/Psi 0.1-0.7 Ratio of Attenuator Maximum Allowable Shear Stress

to Radial Crush Stress
AMU - 0.0- 1.0 Coefficient of Friction (Constant Throughout Stroke)
POW - 1-3 Exponent Used in Interaction Formula

( FONTT POW FOFTT POW 1.0

FONTTM FOETIM
HND - 1 If Evaluation Given Design E1, F1
0 If Establishing New Design

Figure A-3
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CRUSHABL.E TORUS STRUCTURAL DESIGN PROGRAM (OMNIDIRECTIONAL LOADS)

INPUT PARAMETERS - PART B
RECOMMENDED

SYMBOL
Y UNITS RANGE DEFINITlON
A,B,G inches - Payload Dimensions ~ See Figure A-1
WT | Pounds - Total Weight of Payload and Landing System (From Part A)
C,D,E,F [ Inches - Attenuator Dimensions — See Figure A-1 (E & F From

Part A)
RHOL Lb/F13  [see Figure A—-8f Attenuator Density
XKW Fi-L.b/Lb |See Figure A-8} Attenuator Specific Energy
BET Radians | 0+ 1.57 | Angle Between Crush Plane and X Axis (Constant

Throughout Stroke) See Figure 2
RDIA Inches 05 Rock Diameter
DX Inches 0.05%A - Incremental X

0.02+A

DTHE Radians | 0.005 - 0.015| Incremental Angle THE (Plan View)
RNORM | Psi/Psi 0- 1.0 Ratio of Attenuator Transverse to Radial Crush Stress
CN - 5-20 Number of Steps Desired in Incrementing Stroke
RSHCR | Psi/Psi. | 0.1 0.7 Ratio of Attenuator Maximum Allowable Shear Stress to

Radial Crush Stress
STREF | In/In. 0.2-0.5 Stroke Efficiency (Ratio of Attenuator Stroke Allowable to

Precrushed Height)
AMU - 0-1.0 Coefficient of Friction (Constant Throughout Stroke)
Pow - 1-3 Exponent Used In Interaction Formula

FONTT . POW FOFTT POW 10
FONTTM ' FOFTTM

Figure A-L
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CRUSHABLE TORUS STRUCTURAL DESIGN PROGRAM

OUTPUT PARAMETERS — PART A

SYMBOL UNITS DEFINITION

E,F inches Attenuator Dimensions — See Figure A—1

WP Pounds Weight of Payload

WL Pounds Weight of Landing System

WT Pounds Total Weight (Landing System and Payleoad)

FLOADF Earth g's Maximum Load Factor for Flat Landings

- ELLOADF Earth g's Maximum L_oad Factor for End l_andings

VELE Ft/Sec Actual Velocity Capability, End Landing

VELF Ft/Sec Actual Velocity Capability, Flat Landing

SCR Inches Stroke at Which FLOADF Occurs

XMT inches Stroke at Which ELOADF Occurs

FIQ " Pounds Force at End of Stroke (End Landing)

FIFO Pounds Force at End of Stroke (Flat Landing)

WL1,2,3 Pounds Weight of Landing System for Dimension E1, F1; E2, F2; E3, F3

V1E, V2E Fi/Sec Velocity Capability (End) for Dimension E1, F1; E2, F2; E3, F3
V3E

ViF, V2F, Ft/Sec Velocity Capability (Flat) for Dimension E1, F1; E2, F2; E3, F3
V3F ]

VAE, V4F Ft/Sec Velocity Capability (End Flat) for Dimensions E4, F4

E4, F4 Inches Curve Fit Attenuator Dimensions Used for Final lteration

FCR Pounds Internal Crush Force Acting (Maximum Flat)

ECR Pounds Internal Crush Force Acting (Maximum End)

FINCR Pounds Allowable Internal Crush Force (Flat)

EINCR Pounds Allowable Internal Crush Force (End)

S Inches. Flat Stroke

T Inches End Stroke

FONTT Pounds Crush Force Normal to Crush Plane with Friction Acting

FOFTT Pounds Friction Force Acting with FONTT and Equal to AMU Times FONTT

FONTTM Pounds Crush Force Normal to Crush Plane with AMU = 0.0

FOFTTM Pounds Maximum Allowable Shear Force with Normal Force = 0.0

AREA In2 Footprint Area

FFLODF Earth g’s Maximum Load Factor {Flat) with AMU = 0 and Velocity VF

EELODF Earth g's Maximum Load Factor (End) with AMU = 0 and Velocity VE

VELNE F1/Sec Velocity Capability (End) ot Stroke T with AMU =0

VELNF Ft/Sec Velocity Capability (Flat) at Stroke S with AMU =0

Figure A-5
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APPENDIX A

.CRUSHABLE TORUS STRUCTURAL DESIGN PROGRAM (OMNIDIRECTIONAL LOADS)

OUTPUT PARAMETERS ~ PART B

SYMBOL - UNITS DEFINITION

U Inch-Pounds Total Energy Absorbed in Crushing

CLEAR Inches Clearance Between Payload and Crush Plane

ALCL Inches Allowable Clearance Between Payload and Crush Plane Allowing
11.8% Stroke Margin for Ultimate Velocity Capability

VELBT Ft Sec Velocity Capability at Angle BET

STTM Inches Maximum Stroke

FONTT Pounds Crush Force Normal to Crush Plane Acting with FOFTT

TORTT Inch-Pounds Total Torque Due to FONTT and FOF TT About Torus Center

ARTSU ln2 Footprint Area

ARMOM In 3 ARTSU Times Y Distance to Centroid

FOFTT Pounds Friction Force Acting With FONT T

FONTTM Pounds Crush Force Normal to Crush Plane (With AMU - 0)

TORTNM Inch Pounds Torque Due to FONTTM About Torus Center

FOFTTM Pounds Maximum Allowable Shear Force with Normal Force 0

TORTFM Inch Pounds Torque Due to FOF TTM About Torus Center
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APPENDIX A
10. Traensverse crush stress 1s expresse& as an input ratio to radial

crush stress.,

11. Attenuator cover does not contribute to crush force or allowsable
force parallel to the crush plane.

12. Frictional force equal to input coefficient of friction times

normal force acts throughout stroke,

The elemental analyticael model used to determine crushing force acting
normal to the crush plane is shown in Figure A-7. Numerical integration of
the force acting on incremental areas (DX x D@) is then performed between
integration limits determined in the program. TFlat and end landings are
particular cases of the general omnidirectional landing attitude shown»in
Figure A-7. Energy absorbed 1s determined by numerical integratioﬁ'of the
crush force versus stroke curve. Allowable clearance for ultimate yeloci£y
capability is calculated in both programs as the maximum of elther fhe rock
diameter (RDIA) or the available stroke times (1~STREF), where STREF is the
ratio of the allowable stroke to the original height as determined from
elemental tests. The allowable clearance 1s then increased to provide a

25% msrgin on design kinetic energy.

Typical attenuator material properties needed for input to both pro-
grams are shown in Figure A-8, These values are intended simply &s a guide
and values used in any specific application should reflect the actual mate-
rial used. Attenuator density (RHOL) has been increased by 17% and specific
energyrhas been reduced by 1h4% in figure A-8 to account for the attenuator

cover and adhesive.
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ELEMENTAL ANALYTICAL MODEL

DFN = ag * DAR * COS (¢ — )
+ o * DA SIN (g - )

(AOL
FO:ES .DFN

oL
Omax
FONTT = 2*p, FO *COS B /COS ¢
00

TAN ¢ = TAN B * COS 0
STTH = (8, STTM, C,D,E,F,G)

™

FONTT .

STTM |

Figure A-~7
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TYPICAL ATTENUATOR PROPERTIES

DENSITY | SPECIFIC STROKE | TRANSVERSE | SHEAR STRESS |
ENERGY | EFFICIENCY|  STRESS RATIO
RATIO
ATTENUATOR RFOL_ XKW 1| STREF RNORM RSHCR
MATERIAL LB/FT3 | FT-LB/LB IN./IN. PSI/ PSI PSI/PSI
Maraging Steel Honeycomb ' :
5 Lb/Ft3 5.85 2720 0.90 0.0 1.0
20 Lb/Ft 23.40 9650 0.80 0.0 0.6
5052 Aluminum Honeycomb
2 Lb/Ft3 2.34 3540 0.80 0.0 1.2
15 Lb/Ft3 17.56 8770 0.70 0.0 0.7
3003 Aluminum Honeycomb
2 Lb/Ft3 .34 1560 0.80 0.0 1.0
15 Lb/FtS 17.56 3360 0.70 0.0 1.0
2.3 Lb/F13 2.69 1335 0.80 1.0 0.9
Trussgrid (Aluminum)
5 Lb/Ft3 5.85 3470 0.80 1.0 0.9
7 Lb/Ft3 8.20 4600 0.80 1.0 0.9
3. Lb/Fi3 3.51 1720 0.80 1.0 0.9
Fiberglass {Phenolic)
Honeycomb 3
7.5 Lb/Ft 8.77 3530 0.80 0.0 0.6
11 Lb/Ft3 12.87 7650 0.78 0.0 0.6
Balsa (Pardllel To Grain)
6 Lb/Ft 7.01 15400 0.80 0.0 0.2
16 Lb/Ft3 18.70 16350 0.80 0.0 0.2
Perpendicular To Grain
6 Lb/Ft3 7.01 1470 0.80 0.0 2.0
Styrofoam
1.8 Lb/Ft3 2.10 2270 0.70 1.0 1.0
4.5 Lb/Ft3 5.2% 3440 0.70 1.0 0.8
Thermosetting Foams
Lock Foam 2.44 Lb/Ft 2.85 374 0.60 1.0 1.0
Epoxy Foam 4.0 Lb/Ft° 4.68 1570 0.50 1.0 0.8
Ecco Foam 10.0 Lb/Ft3 11.70 1823 0.50 1.0 0.6
Figure A-8
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Radial crush stress (sigma) acting on each element is determined in

the program from the equation:
in2
sigme = XKW x RHOL/(STREF x 1hk.Trm
Tangential crush stress acting with radial crush stress is found by multi-
plying sigma by RNORM, where RNORM mey be any value between 0.0 and 1.0,
Maximum allowable shear stress is found by multiplying sigma by RSHCR,

where RSHCR must be greater than 0.0. Interaction between shear and radial

crush force is determined in the program by the equation:

Pow Pow
FONTT + FOFTT = 1.
<F@WTM> <F@NTM)
FONTT = Crush force normel to crush plane with friction acting
FOFTT = Force parallel to crush plane equal to FONIT times AMU
FONITM = Crush force normal to crush plane with no friction acting
FOFTTM = Maximum allowable shear force parallel to chsh plane
AMU = Surface coefficient of friction
POJ = Exponential power describing interaction properties of spe-

cific attenuator material when used in sbove equation.

Both programs assume that the friction force, equal to AMU times FONTT,

acts throughout the stroke.

The analytical model for internal crushing during flat landing is
shown in Figure A-9. Actual and allowable internal crush forces are de-
termined to ascertain whether or not internal crushing occurs. Acceleration
is minimized when actual internal crush force approaches the allowable in-

ternal crush force. End landing employs & similar analytical model. RSHEAR
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INTERNAL CRUSH ANALYTICAL MODEL

1
—2~WL * FLOADF

|

|

Lk fs 7 A T

o1 " AN WP * FLOADF

- !

i
|

\ ’
\ '

\ _- S DU

Allowable Internal Crush -Force
FaLLow=Fr+ Fg+ Fr
Radial Crush
Fr=moR(2AG + A2+ 26C - C?)
Shear
Fg =75 f,(4BG + m AB)

Tangential Crush
Fr=nofl(F+D-C+6)2 - (G+ A

Force Acting to Cause Internal Crushing:

1
FacTuaL = FLoAD F * (WP + 5 WL)

To Prevent Internal Crushing:

FaLLow2 FACTUAL

Figure A-9
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is used in the structural design program to determine the shear strength of

the payload to attenuator bond. The allowable shear stress is equal to
RSHEAR times sigma. The value entered for RSHEAR should reflect the lower

of either the adhesive bond shear strength or the attenuator shear strength.

Determination of the 45° attitude (angle BET) velocity capability for
torus designs employing a very flat payload (G/B > 3), using the omnildirec-
tional loads portion of this progrem, results in calculated values which are
too low. This is because the program assumes & constant attitude throughout
stroking. In the actual case,the normal crush force does not &t through the
lander centroid and causes rotation of the lander towards a flat attitude.
This rotation causes the footprint area and normal crush force to increase,
thereby dissipating greater kinetic energy. For the baseline lander
(G/B = 3.9), presented in Section 5.4, a velocity capability of 86% of the
design velocity (85 fps) was calculated by the program for é 450 attitude.
The baseline lander was shown to be capable of landing successfully at a
vertical velocity of 85 fps with an initial attitude of 45° by .exercising
the Crushable Torus Landing Loads and Motions Program. As the payload shape
parameter G/B approaches zero (sphere), the omnidirectional loads portion
gives results which are more nearly correct because the assumption of no

rotation becomes more representative.
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APPENDIX A,
A.3 PROGRAM OPERATION

Input formet for the configuration design portion of this program is
shown in Figure A-10. Data may be located anywhere within the eight spaces
indicated for each parameter. Dimensions El, Fl; E2, F2; and E3, F3 may be
any reasonable estimate of required attenuator dimensions. The program
interpolates for final geometry based on solutions for these values. If a
0.0 value is entered for E2 the program will internally choose appropriaﬁe
values for El, Fl; E2, F2; and E3, F3 for interpolation.' Input data cards
are placed behind the program as shown in Section A.4, If a specific lander
configuration is to be evaluated without exercising the interpoiation
routine, an integer value of 1 is entered for HND and the desired geometry
entered in E1, Fl. Input format for the omnidirectionhal loeds portion of
this program is shown in Figure A~11, and the relative position of the input

data cards in the program is shown in Section A.lL,

Operation of the omnidirectional loads portion of this program requires
certain inputs (dimensions E, F, and total weight WT) which are Qutputs of
the configuration design portion of program. Angle of crush (BET) may be any
value between 0,0 and +1.57 radians, with the specified vg}ue being maintained
constant throughout stroke. The value entered for DX should be divisible
into dimension A an integer number of times, with a value of DX equal to .02
or .05 times dimension A being recommended. Smeller values of DX will re-
quire-longer machine times. DITHE also affects running time, and a range of-

values from .005 radians to .015 radians is suggested. The input varisable
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APPENDIX A~

CRUSHABLE TORUS STRUCTURAL DESIGH PROG RAK
(OMNIDIRECTIONAL LLOADS)
EXAMPLE INPUT DATA ~ PART B
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APPENDIX A
CN determines the number of steps into which the stroke will be incremented.

A range of 5 to 20 is suggested for CN.

Sample output data for both are shown in Figures A-12 and A~13. Refer
to Figures A-5 and A-6 or comment cards in the program for nomenclature and

units of output.

Program termination for the configuration design portion is automatic
when attenuator dimensions E and F have been estéblished for the desired
capabilities and all necessary output data calculated. The omnidirectional
loads portion then is used to determine velocity capability for constant
input attitude (angle BET). Typical machine times are 50 seconds central
processor and 5 seconds peripherai processor for the omnidirectional loads
portion, and 200 seconds central processor and 5 seconds peripheral processor
for the configuration design portion. Core size required is 50K (octal)

for compilation of both the configuration design and the omnidirectional

loads portions of this program.
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APPENDIX A

CRUSHABLE TORUS STRUCTURAL DESIGN PROGRAM

(Continued)

Example Output Data - Part A
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Figure A-12 (continued)
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APPENDIX A

CRUSHABLE TORUS STRUCTURAL DESIGN FPROGRAM
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Figure A-13
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APPENDIX A
Al PROGRAM DESCRIPTION

The flow chart shown in Figure A-14 shows major events in the configura-
tion design program. Comment cards in the program additionally aid in
identifying key portions of the program. Similarly, Figure A-15 shows the

flow chart for the omnidirectional loads program.

The listings for the configuration design and omnidirectional loads
portions of the Crushable Torus Structural Design Program are presented in

Sections A.4.1 and A.4.2 respectively.
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CRUSHABLE TORUS STRUCTURAL DESIGN PROGRAM
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Force at the End of the Flat Landing Stroke

Force at the End of the End Landing Stroke

Force at Preceeding Stroke Normal to Crush Plane

Force Normal to Crush Plane at Given Stroke on DfJ Strip

Total Force Normal to Crush Plane

Stroke

Maximum Stroke Allowable

Energy Under Load Stroke Curve

Velocity Capability

Desired Velocity Capability {(End Landing)
Actual Velocity Copability (End Landing)
Desired Velocity Capability (Flat L.anding)
Actual Velocity Capability (Flat Landing)
Totaol Weight

Dimension From Y Axis Locating Ray on Elliptical Payload
Integration Limit for Dimension X (Outer)
Inner Integration Limit for Dimension X

Rotational Angle THE (Plan View)
Integration Limit on Angle #

Figure A-1lk
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CRUSHABLE TORUS STRUCTURAL DESIGN PROGRAM
(OMNIDIRECTIONAL LOADS)

STTM =0

BSTTM - STTM + DSp=

FLOW CHART
PART B
VELBT
& FONTT | End
TORTN
0.0 0000 STTH - f(STTM, 0, GEOM)

¢ - ARCTAN(TAN /3 COS 0}

U=U+ DU

FONT = F01
+ F02

P

IF

YCI-E- D

Inner Circle

YOI ~ YOIC

Inner Circle

IF

XIC - D+ C

Inner Circle

X1=-XIEC

Inner Ellipse

0 0
X = X + DX
X1 = (X)

<

X1-XHNC

Inner Circle
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f
V]

incremental Force Normal to Crush Plane on D/ by DX Area

Total Force on D Sirip Normal to Crush Plane Resofved to /0

Dimension from Y Axis Locating Ray on Elliptical Payload

X Dimension 1o Intersection of Crush Plane and Ray from Paylood
X Dimension to Inboard Intersection of Crush Plane and Attenuator Ellipse

X Dimension to Intersection of Crush Plane and Attenuator Circulor Segment D
X Dimension to Outboard intersection of Attenuator Elfipse and Crush Plane

Y Dimension to Intersection of Crush Plane ond Vertical Line Y C
Y Dimension to intersection of Crush Plane and X Axis

] FO1=FOI1 Calc Force | X=X:DX |,
+DFN [T DFN = {(X) X1 = §(X)

SYMBOL.S
ALCL Allowable Clearonce
CLEAR Clearance Between Payload and Crush Plane
DFN
DS Incremental Siroke
DX Incremental X
D Incremental Angle )
FONT
FONTT Total Force Normal to Crush Plane
FO1 Normal Force on D Strip (Build Up of DFN)
F02 Norma! Force on DO Strip Inboard of Y Axis
STT™ Maximum Stroke ot 0
STTH Stroke at Angle ¢
TORTN Total Torque at Torus c.g.
X
X1
XIEC
Xnc
XOL
YClI
YOI
YOIC Y Dimension Associated with X}IC
U Energy Under Lood-Stroke Curve
VELBT Velocity Capability for Crushing

ot Constant Angle BET

Rotational Angle THE (Plan View)
Angle PS! of Crush Plane With Horizontal at Angle 0

Fipure A=15
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A.4,1 CONFIGURATION DESIGN PROGRAM LISTING

(‘v(‘("'(\(‘.(\('\ﬁ(’\ﬁﬁ(\f\ﬁ('tﬁﬁ(\ﬁﬁﬁﬁhﬁﬁ(‘\!‘»(‘.Fﬁ(\(\ﬁﬁﬁﬁf\ﬁ(“ﬁﬁ(\ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

PROGRAM DORR  (INPUT,OUTPUT»TAPES=INPUT»TAPE6=0UTPUT) D3R
PROGRAM CALCULATES ATTENUATOR DIMENS{ONS FOR DESIREDs VELOCITY D3R
CAPABILITY (EDGE AND FLAT DIRECTIONS) OF GIVEN PAYLOAD D3R
INPUT PARAMETERS D3R
AsB»G PAYLOAD DIMENSIONS IN INCHES D3R
RHOP PAYLOAD DENSITY IN POUNDS/CUBIC FOOT D3R
CsD ATTENUATOR OVERLAP DIMENSIONS D3R
RHOL ATTENUATOR DENSITY IN POUNDS/CUBIC FUOT L3R
XKw ATTENUATOR SPECIFIC ENERGY IN FOOT-POUNDS/POUND D3R
RDIA ROCK DIAMETER IN INCHES D3R
VE DESIRED EDGE VELOCITY CAPABILITY IN FEET/SECGND D3R
VF DESIRED FLAT VELOCITY CAPABILITY IN FEET/SECOND D3R
F1,E1 ATTENUATOR DIMENSIONS ASSUMED (FOR CURVE FIT) INCHESDSR
F24E2 ATTENUATOR DIMENSIONS ASSUMED (FOR CURVE FIT) INCHESD3R
F3,E3 ATTENUATOR DIMENSIONS ASSUMED (FOR CURVE FIT) INCHESD3R
RNORM RATIO OF NORMAL TO RADIAL CRUsH STRESS D3R
RSHR RATIO OF PAYLOAD bOND SHEAR TO RADIAL CRUSH STRESS D3R
STREF STROKE. EFFICIENCY (STRUKE/ZINITIAL REIGAT) D3R
KShCR RATIO OF ATTENVATUR SHeAR ALLOwAGLE TU RAUDIAL CRUSH D3R
STRESS D3R

AMU COEFFICIENT OF FRICTION D3R
POW EXPONENT USED IN INTERACTION OF ATTENVATUR SHEAR D3R
AND AXIAL STRESS : D3R

HND INUICATOR 1.1F EVALUATING GIVEN UESIGN Z1,F1 D3R
. 0 IF ESTABLISHING NEW DESIGN D3R

OUTPUT DATA : _ D3R
E4sF4 CURVE FIT ATTENVATOR DIMENSIUNS INITIAL SOLUTIGH D3R
(1NCHES) . : D3R

EsF FINAL REQUIRED ATTENUATUR Dlmcnslons In INCHES D3R
WP WELGHT UF PAYLUADL 1N POUNDS D3R
WL WEIGHT OF LANDING 5YSTem IN PUUNUS D3R
WT TOTAL WEIGHT UF LANDINu SYSTEs AND PAYLOAL IN POUNDSD3R
FLOADF MAX LOAL FACTOR FOR FLAT LANDING AT VELF IN G*S D3R
ELOADF MAX LOAD FACTOR FOR EDOE LANDING AT VELE IN G*S D3R
FCR INTERNAL CRUSHINGL FORCE ACTING (MAX+FLAT) In PCUNDS D3R
FINCR ALLOWABLE INTERNAL CRUSH FORCE (FLAT) IN POUNDS D3R
ECR INTERNAL CRUSHING FORCE ACTING (MAXsEDGE) IN POUNDS D3R
EINCR ALLOWABLE INTERNAL CRUSH FORCE (EDGE) 1N POUNDS D3R
FFLODF MAX LGAD FACTOR (FLAT) WlTH AMU=0 AND VELOCITY VF D3R
(G'S) D3K

EELUDF MAX LOAU FACTUR (EDGE) wITH Adu=0 Alo VELOCITY VE D3R
(6's) o D3R

VELL ACTUAL VELOUCITY CAPABILITY ifutc LaNuihNo (FEET/SEC.) DoR
VELF. ACTUAL VELOCITY CAPABILITY FLAT LANUINo (FEET/SEC) D3k
SCR STROKE AT WHICH LOAD PEAKS (FLAT) IN INCHES D3R
XMT STROKE AT WHICH LOAD PcAKS (EDGE) IN INCHES D3R
FIQ FORCE AT END OF STROKE (EDGE) Il POUNDS D3R
FIFO FORCE AT CND OF STROKE (FLAT) IM POUNDS _ D3R
V1E,V1F VELOCITY CAPABILITY (EDGE,FLAT) FOR E1,Fl DIM(FT/SECD3R
V2EsV2F VELOCITY CAPABILITY (EDGE,FLAT) FOR E2,F2 DIM(FT/SECD3R
V3EsV3F VELOCITY CAPABILITY (EDGEsFLAT) FOR E3»F3 DIM(FT/SECD3R
CV4EsV4F VELOCITY CAPABILITY (EUuuEsFLAT) FUR E4sF4 DIM(FT/SECD3R
WLl WEIGHT OF LANDING SYSTeki FOR 0IMeclaF1 (POUNDS) D3R
WL2 WEIGHT GF LANDING SYSTem FOR UIMe£2sF2 (POUNDS) DoR
WL3 WELGHT OF LANDING SYSTEm FUR UIMeE3sF3 {PUUNDS) DR
S FLAT STROKE IN INCHES D3R

370
371
360
3390
400
410
420
430
440
450
460
470
480
490
500
510
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T EDGE STROKE IN INCHES D3Rk 520
AREA FOOTPRINT AREA (SQUARE INCHES) D3R 530
FONTT FORCE NORMAL TO CRUSH PLANE ACTING wlTd FOFTT (POUNDD3R 540
FOFTT FRICTION FCRCE = AMU % FONTT (POUNDS) D3R 550
FONTTM MAX FORCE NORMAL TO CRUSH PLANE WITH AMU=0 {(POUNDS) D3R 560
FOFTTM MAXIMUM FORCE PARALLEL TO CRUSH PLANE D3R 570
VELNE VELOCITY CAPABILITY (EVOGE} AT STROKE T wlTH AmMu=0 D5R 580
(FT/5EC) D3R 581

Ve LNF VELOCITY CAPABILITY (FLAT) AT STROUKE & wITH AMu=0 D3R 590
(FT/SEQ) . D3R 591

DIMENSION ASAVE(100)sBSAVE(100)sCSAVE{100)5USAVE(LOQ)+ESAVE{100)» D3R 600
1 FSAVE(10G)sGSAVEL100) D3R 610 .
DIMENSIGN RSAVE(100)sSSAVE(100)sTSAVE(L00)sUSAVE(L100)»VSAVE(100)s D3R 620
1 SAVE(100) s XSAVE(100) D3R 630
WRITE (6580) D3R 640
READ (53590) AsBsGsRHOPsCsDsRHOL s XKWIRDIA D3R 650
READ (55590) VEsVFsF13EL3F24E2+F34E3 D3R 660
READ (535590) RNGEKMyRSHR » STRLF s RSHCR » AiiUy POW s HND D3R 670
ASQAR=A*A ‘D3R 680
OSUWAR=B*B D3R 690
CSQAR=C*(C D3R 700
DSWAK=L*L D3R 710
GSUAR=GH*G D3R 720
LO 20 I=1,1400 D3R 730
ASAVE=0.0 D3R 740
SIGMA=XKW*RHUL/ (STREF*144.) D3R 750
ROUNT=0.0 D3R 760
BOUNT=-1e0 D3R 770
XN=2040 bsR 780
XNE=200 D3R 790
D3R 00

PAYLOAU VOLUME ANU WEIGHT D3k bl0
VPA=64 28 %¥GSUARYDL D3R 620
VPL=9BT*A¥0*¥ (G+0.424%A) DAk 630
VP=VPA+VPG D3R 840
«P=RHOP*VP/172640 D3R 850
IF (HND+EQW.1l.) GO TO 70 D3R 860
IF (E24GT4040) GO TO 70 D3R 870
INC1=0¢ D3R 880
WPK=e125 D3R 890
IF (GeEQ.0.0) GO TO 40 D3R 900
IF (XKWeLEe(VF*%2/8,05)) GO TO 540 D3R Y10
SGFA=SURT (WPK¥ WP/ (RROL* (64, 4R YPK¥XKW-VF®%2))) D3R 920
Tle=e+RLIA+11e 73¥VE¥SUFA/ZSURT (G+D-C) D3R 230
T2E=0+11e 73%VF #SUF A/ {STREF#FSURT (GHU~U)) D3R 940
TE=AMAX1(TLlE,T2L) D3k 250
WPK=0e50-{B+RDIA)/(24%TE) D3R 960
IND1I=INUL1+1 D3R 970
IF {IND1.EQ.1) GO TO 30 D3R 980
T1F=C+A+RDIA-D+22 5*¥VE#SQFA/SQRT(TE) D3R 590
T2F=C+A~D+22 O*VE*SQFA/ ISTREF#SQGRTI(TE)) D3R1000
TF=AMAXL1(T1F,T2F) . D3R1010
E1=TE~0.20% (TE-B—~RDIA) D3R1020
E2=TE D3R1030
E3=TE+0+20* { TE-B~RDIA) D3R1040
F1=TF=0420%{ TF~C—-A-RDIA+D) D3RL0O50
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60
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90

100

110
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130

140
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F2aTF :
F3=TF+0e20% ( TF=C~A-RDIA+D)
GO TO 70

IF (XKWelLE.(VF#%2/2.68)) GO TO 540
TEC=WP*¥VF*%2/ (28 ¢ XRHOL* (2 6B¥XKW—-VF#¥2) ) %1728 4+5% %3

TE=TEC%#4333

IF (TE«LT+(142%(B+RCIA))) GO TO 60

E1=TE-«20% (TE-B-RDIA)
Fl=t1
E2=TE
F2=E£2
E3=TE+.20%(TE-B-RDIA)
F3=£3

GO TO 70
TE=1e25% (B+RDIA)
GO TO 50
€=E1

F=F1

GO TO 100
E=E2

F=F2

GO TO 100
E=E3

F=F3
FMAX=04C
EMAX=0.0

LIMITER VOLUME AND WEIGHT
VA=4 e 93HEXE* (G~CHD+0 a4 24%F)
VB=4+93%¥DSQAR® (G-C+4576%D)

VC=628%D¥ (E~D) % (G-C+045%D)

VD=he OB RAABR (G0 424%A)
VLE=6428%8%C#(G~045%C)
VL= (VA+VB+VC~VD~VLE ) %2.0
WL=RHOL*VL/1728.0

TOTAL WEIGHT
WT=wP+wL

FLAT LANDING CASE

IF (CelTe{2.%D)) GO TO 110
51=0.

GO TO 120
S$1=D=SQRT{(2.,*%D-C)*C)
$2=D

SMAX1=STREF*(E-13)
SMAX2=E-DB~-RDIA
SMAX=AMINL{SMAX1sSMAX2)
SMAX=SMAX/14118

IF (ROUNT«GT.0.0) GU TO 130
DS=SMAX/10.0~0,001

GO TO 140
D$=SMAX/20+0-0.0005
XN=50.0

FO=0e0

FP=0.0

D3KiQo0
D3R1070
D3R1060
D3R1090
D3R1100
D3R1110
D3R1120
D3R1130
D3k1140
D3RiLl50
D3r1160
D3R1170
D3k1180
D3R1190
D3RkR1200
D3RrR1210
D3R1220
D3R1230
D3R1iz40
D3k1250
D3R1260
D3R1270
D3R1280
D3r1290
D3R1300
D3R1310
D3R1320
D3R1330
D3R1340
D3R1350
D3R1360
D3R1370
D3R1380
D3R+ 390
D3R1400
D3R1410
DoR1420
D3R1430
D3R1440
D5R1450
D3R1460
D3R1470
D3R1480
D3R1490
D3Rib00
D3R1I510
D3R1520
D3RL1530
D3K1531
DoR1ID 4D
D3R1550
D3R1560
D3R1570
D3R1580
D3R1590
D3R1600
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DX=A/XN D3R1610
COUNT=0.0 D3R1620
$=0«0 D3R1630
UNF=0. D3R1640
UNFM={iT*VF%%2/5,36 D3RL650
FPNF=0. D3R1660
SCR=SMAX D3R1670
1=0 D3R1680
U=0.0 D3R1690
150 $=5+DS D3R1700
IF (S-SMAX) 16042705270 D3R1710
160 FO1=0.0 D3R1720
FO2=C.0 D3R1730
W=0e0 Dsk1740
X=00 : D3k1750
XLMAX=D=CHF /E#SURT (24 0¥ EXS~5%%2) D3RL760
170 IF ((ASUQAR-X#X)eLLe+0s0) GO TU 220 D3R1770
Y=B/A¥SQRT (ASUAR=-X%X) D3R17380
PHI=ATAN (B%X/(A%XSGRT (ASWAR=X%X))) D3R17S0
X1=X+(E~S-Y ) #ESTUAREX / ( ASUAR®Y) D3R1500
IF "(5-51) 180,150,190 D3R1810
180 X1IMIN=D-C-SGRT({2.%D-5) *5) D3IR1620
IF (X1eLTeX1IMIN) GC TO 200 D3R1630

19¢C DF=S1GMA®*6428% {G+X+(E~-S-Y ) *¥BSUARYX/ (ASQAR*Y ) ) ¥ (Le +{E~S~Y ) *ASUAR¥USD3R1840
1QAR®BSOAR/ (Y ¥ { ASQAR¥ASQARF®Y#Y+LSQAR¥0SQAREX®X ) ) ) #UX#* (1« +RNOGRM*¥TAN(D3R1050

2PHI ) *%#2) D3R1860
FO1=FQ1+DF D3R1870

IF (X1-X1MAX) 200220+210 D3R1680

200 X=X+DX D3K1690
GO TO 17¢ e VsKk1300

210 DNF =64 28¥ [G+IXIMAX+EX1) /2.0 ¥ (X 1-XIMAX) #STOMAR (COSIPHI) *#2+31x5{PHIID3R1910
1#%2%¥RMORM) D3R1920
FO1=FO1-ONF D3R1930

220 IF (S«LTeS1) GO TO 250 D3R1940
IF (S5.GE«S2) GO TC 230 D3R1950
W=C—D+SGRT( (2 %#C~5) %5) D3R19Y60

GO TO 240 D3R1970

230 w=C D3R1930
240 FO2=SIOMA%¥6e 28%(0—0e5%W)¥W D3R1990
250 FO=FO1+F02 D3RZz000
AREA=(XIMAX=XIMIN}¥6 . 28%# {GH(XIMIN+TXTIMAX) /20 1460 28% (G- 5¥Y) %1 D3R2010

FOF TTM=AREA#RSHCR*¥ 5] GH4A D3R2020
FOMNTTM=FC D3R£030
RFONTT={FO*FCFT T ) ## PO/ (FOFTTMX*%PUWH( FURAML ) #%P0Ow) D3RZ040
FONTT=RFONTT#%(1e/POW) D32R20C50
FOFTT=AMURFONTT D3RZ060
FO=FONTT D3R2070

I=1+1 D3k2080
ASAVE(]1)=S D3R2090

bSAVE (1) =ARLA Dok 10V
CSAVE(T)=FONTT D3rR¢110
DSAVE(T)=FOFTT D3R2120
ESAVE(1)=FONTTM D3kel30

FSAVE LT )=FOFTTH . DoRel4Q

IF (COUNT.GT.0.0) GC TO 260 D3Rez150

IF (FP«LECFG) GO TG 260 - D3R2160
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COUNT=140

FMAX=FP

SCR=5-DS

DU= (FO+FP I %0, 5%DS
u=u+ouy

FP=FO

IF (UNFoOELUNFM) GO TO 150
DUNF = (FONTTM+FPHF ) %4 5%DS
UNF =UNF +LUNF
FPNF=FONTTM
FFLODF=FONTTM/WT
VELNF=5GRT (5.36%UNF/WT)
GSAVE (1) =VELNF

GC TO 150

DU=FO* (DS-5+SMAX)
U=U+Dy

5=5-DS
VELF=SWRT(5436%U7wT)
FIFO=FO
FMAX=AMAXL{F1FOsFMAX)
FLOAUF=FMAX/ W T

FNCF=RNORM*¥STGMA*2, 1 4% ( (FHO-(+0 ) #¥2— (G4 ) X%7)

D3R2170
USR2180
UvoRkel90
D3RZ2200
D5r2zl0
D3kee20
D3Re250
D3R¢240
D3Reé250
D3R2260
D3R2270
D3R22380
D3R2290
D3R2300
D3RZ2310
bar2320
D5rk2330
VU3RLE40
D3reZ 350
D3R¢3060
D3KZ2370
D3R2380

FINCR=3414%SIOMAK (2 4 Q% ARGHAREZ+2 4 OXGRC-CHFL )+ 1 DTHRGINR*STOHA® (44 0%¥D3R2390

1B#G+3¢ 14%A#LJ+FNCF
FCik=FLOADF* (4P +0 4 5% L)

EDGE LANVIMG CASL
THAXL=STREF* (F+L-{-4)
TMAX2=F+u-C~A—-RUIA
THAX=AMINL(TMAXL s TMNAXZ)
TMAX=TMAX/1.118
CT=TitAX/10+0-0.001

IF (ROUNT«GT4+e0) CT=DT/2.
XMT=TMAX

T=0.C

UNEM=WT*VE*%2/5436

EOUNT=0.0

H=G+D+F-C

DTHE=0.005

DY=8/XNE

T=T+0T

IF (T-TMAX) 290+380,380
THEM=ACOS(140~-T/H)

THE=04+0

FO=Ce0

AREA=Q.0

IF ((H=(H=T)/COS{THE})sOL«F) GG TO 320
QY=F*#2— (F~H+{H=T)/COS(THL) ) *%2
IF (GYaLEeDe0) GU Tu 360
Y1IMAX=L/F%¥SURT (WY)

GO TO 340

D3Rz400
D3R2410
D3R2420
D3R24390
D3R 440
D3re2450
LD3RKc460
D3Rke4 L
V3R24T0
D3RZ480
D3X2490
D3RZ2500
D3R2510
D3RZ520
D3R2530
D5R2540
D3R2550
D3R2560
V3k2570
D3RZ580
D3Ken90
D3KZ600
v3k2610
D3R2620
D3R2630
D3R2640
D3R2650
D3R2660
D3K2o70
D3R20650
D3RZ2090
D3R2700
D3R2710
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520 XH=(H-T)/COS{THD) D3rR2720
IF (XH=-R+F) 3230+210,210 D3RZ2730

325 QY=DEE2-(H-T=XH)#*#2 D3R2740
IF (QY«LFe0e0) GO TO 360 D3R2790

Y IMAX=E-D+5IRT (UY) 93K2700

349 Y=0.0 D3x2770
LAREA=G o XY IMAX#FUTHUH (F=T) /CO5( Tk ) % © D2ERc780
AREA=AREA+AREA D3rkeTv0

350 Y=Y+LY LU3ik2690
IF ((L¥F¥2-Y##2)elLbL.Ce0) 20 TC 360 D3Réol0
X=h/3SQRT (L##2-Y#%2) : D3Re¢bv20
Y1={{it=T)/COSATHE ) ==X ) ¥A#EDIXY / (DFX2¥X ) +Y D3RLb3O

IF (Y1eGEY1INAXY GO TO 360 . D3RZ28B40
CF31=0%X/ (AXSGRTIASCAR=X%X)) D3R2850
PHI=ATAN(CF21) D3RZ2860
CPHI=1e5708-Pri1 . D3R2870
DF=SIGMA¥ (H=T)*DTHE*OY# {10+ { (H~T)/COS(THE ) ~G-X ) ¥B*¥2XAX R4/ (X* (E¥¥D3R2830
PLEXKEDLARELIYHE2) ) )4 (] o O+HRNORIF { TAN(CPHI ) ##2+ TAN(THE Y #%2/COSI(CPHIID2RZ0650

2)) . D3R2900
FO=FO+DF D3R2910
ONFP=SICMAR (YIMAX~-YL}* (n=-T)1*CTHEX¥ (COS(CPIL ) #H 2+ RivIRF (STN(CPHT ) ¥ ¥ 2BBR¢v20
1+CUS{CPAL*TAII TN ) *%2) ) D3K£930

GO TO 250 DsRE94Q

36C THE=THL+UTHE D3K2950
IF (THELT.THLM) 50O TO 300 D3R2960
FC=4«G*{FO+CNFP) D3RZ9T0
FOFTTM=AREA®XRSHCR*#S 1 G4A D3RZ2980
FONTTM=FC D2R2990
RFONTT=(FOXFOFTTM) ¥#POW/ (FOFTTH¥¥POW+{ FOHAAU) ¥%¥POW) D3R3000
FONTT=RFONTT#%¥ {1+ /POW) D3R3010
FOFTT=AMU*FONTT D3R3020
FO=FONTT D3R3035v

J=J+1 U3K3040

RSAVE (J) =T D3r3CH0
SSAVE(J)Y=AREA D230l
TSAVE(J)=FONTT D3R3070
USAVE(J)=FOFTT D3R3080
VEAVE(J)=FONTTi4 D3R3090
WSAVE(J)=FGFTTM D3R3100

IF (COUNT«GT.0.0} GO TO 370 D3R>5110

IF (FP.LELFG) GO TO 370 D3R3120
EOUNT=1.0 D3xol130
EMAX=FP D3R3140
XMT=T-DT D3x5150

370 DU=(FO+FP ) %0 5#0T V3R3160
U=u+Du ’ D3R3170
FP=FQ D3R3180

1F {UNE.GELUNEM) GO TO 280 D3R3190
DUNE=(FONTTM+FPNC ) #o5%DT D3R3200
UNE=UNE+DUNE D3R3210
FPNE=FONTTM D3R3220
EELOI:F=FONTTM/WT D3R3230
VELNE=SQRT(5+36*UNL/WT) D3R3240
XSAVE(J) =VELNE D3R3250

GO TO 280 D3R3260

380 DU=FG* (DT-T+TMAX) D3R>270

122



390

490

410

440

450
460

470

APPENDIX A

u=U+uU UIR3Z200
T=T-0T . UaR5£90
VELE=SGRT{(5«306%U/WT) D3K3500
FI3=F0 D3K3310
EMAX=AMAX1(FIQ,EMAX) D3R3320
ELOADF=EMAX/WT D3R3330
ENCF=RNORM#SIGMA®3 o 1 4% (THF+DX #2414 2T3#D*¥ (E-D) ~14273%O*¥C-A*(3) D3R3340
EINCR=STIOMA*E® (44 0¥ OG+3ea 14%A) 400 O¥RSHAR¥SIGHMARCH (GHC/2e0)+1 e STHREHR®EDIRE350
1STGHALR (B4 OHEHX24+ARR2) ¥ (TH0e424%A) JUHENCK D3R3360
ECR=ELOAUF® {WP+0e5%yL) D3R3370
IF (HMLebQele) HBC TO 550 D3KR3300
IF (ROUNT«GT«0.0) Gu TO 530 Dax339u
IF (GOUNT) 39054005410 Dar3400
CGOUNT=040 VaR3410
V1E=VELE U3K3420
V1F=VELF D3R3430
WLl=WwL Di3n3a40
GO TO 8U D3R3450
BOUNT=1e0 D3R3460
V2E=VELE D3R3470
V2F=VELF D3n3430
dLesvik Uoro4 v
GO TO S0 Laxk5500
RCUNT=1.0 L3r3510
V3E=VELE D3R3%20
V3F=VELF Daxk35230
ViL3=WL L3R3540
DAKE=V1E*(F2~- F3)-V2E*(F1 F3)+V3LE¥{(F1-F2) D3R3550
IF (DAKE+FQeD.0) GO TC 450 D3R3560
A'r-(V1’*(F2*F2 —F3%F3)-V2E*(F1¥F1=T3%F3)+VIEX(FL1XF1-F2%F2) )/ (2.*DAD3R3570
1¥E) D3R3580
AME=((F1-AKE)*#2-(F2-AKE)%¥2)/(V1E-V2E) D3R3590
AHE=V1E~(F1—-AKE) *#%2 /AiE D3R30600
AAML=AME# (VE-rHE) D3IR3610
IF [AANMESLTSCe0) GO TO 420 DsK3620
IF (AME) 4404509430 D3R3630
DAKE=F1¥(V2E-V3L) 2% (V1E-V3L)+F3¥(V]1E-VZE) D3rRs040
IF (LAKE«EQe0-0) GO TO 450 D3R3050
AKE=(F1# (V2E#*#2-VI3E#¥2)—F23 (VIE*¥2=y3E##2)+F3¥(VIE*¥2-y2E#%2))/(2.D3R3660
1*¥DAKE) D3R3670
AME=((VIE~AKE ) #%2~(V2E-AXKE)*%2) /{F1-F2) D3R3680
AHE=F1-(V1E-AKE ) #¥2 / AMME D3R3690
Fa=AHLC+(VE-AKE ) *%2/AME D3R3700
GO TO 460 D3R3710
F4=AKE+SGRT ( AAME) D3R3720
GO TO 460 D3R3730
F4=AKE~-SURT (AAME) DoR>740
GO TO 460 V3R3750
F4=Fl+(F1=F3)*(VE~ Vl;)/(VIE V3E) D3Kk3760
F=Fa4 D3IR3T770
DAKF=VIF*(E2~L3)-V2F¥(L1-c3)+ViF*(El~E2) D3R3780
1F (DAKF) 47245103470 D3R3790
AKF=(V1IF*(E2*#2—L 3#%2) ~V2F % (E1¥#2-E3%%2)+V3F* (L 1*¥2~ tZ**Z))/(z*uAkostﬁoo
1F) D3R3810
AMF={ (E1-AKF )#%2-(E2-AKF)#%2)/ (V1F-V2F) D3R3620
AHF=V1F—(E1—-AKF ) #*%2 /AMF D3R3630
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480

540
550

560
570

580
590
600
610

APPENDIX A

AAMF =AMF % (VF ~AHF ) :
IF (AAMF<LT+0+0) GO TO 480
IF (AMF) 50055105490

DAKF=E1%(VZF-V3F)-g2%(V1F- V3F)+t3*(V1F -VeF)

If (DAKF+EQ.0.0) GO TO 510

AKF={E1¥(V2F*%#2-V3F*#%2 ) —E2¥ (V]1F#*2~ V3F**2)+EJ*(V1F**4 VZF¥#2)) /(2

1%DAKF)

AMF=((VIF—AKF ) ##2-(y2F~- AKF)**Z)/(EI E2)
AHF=E1~{V1F—AKF ) #*#2 /AMF
E4=AHF+(VF-AKF )} ##2/AMF

GO TO 520

E4=AKF+SQRT { AAMF )

GO T0 520

E4=AKF-SQRT (AAMF)

GO TO 520
E4=E1+(E1-E3)*¥(VF~V1F)/(V1F-V3F)
E=g4

GO TO 100

IF (ROUNT«GTe1l40) GO TO 550
V4E=VELE

V4F=VELF
DDE=(VF¥%¥2-VELF¥%¥2)%¥WT/(536%F1F0)
E=E+DDE
DDF=(VE*¥*2-VELE*¥¥2)¥3T/(5.36%F1Q)
F=F+DDF

ROUNT=2.0

GO TO 100

WRITE (649760)

CONTINUE

WRITE (6+600) :

WRITE (69610) AstsCsDsGsRHOP,H,RHOL
WRITE (65620) RDIASVEsVFIsRNORMsRSHR s STREF
WRITE (6+630) RSHCRyAMU 3 POYW o XKW
WRITE (65640) E1sF19E2,F25E3,F3
WRITE (64+650)

WRITE (63»660) E4sF4aEsFsuiPsWLIWT

WRITE (65670) FLUADF»ELOAUFFCRsFINCRs ECRyEINCR

WRITE (6+680) FFLOUFsEELOUF .
WRITE (65690) VELESVELF»SCRsXMTsFIQyFIFO

WRITE (635700) VIEsVIFIV2EsV2FsV3EsV3FsV4E,VLF

WRITE (63710) SaTswLlawl2swi3
WRITE (64+720)
DO 560 L=1y1l

D3R3840
D3R3850
D3R3860
D3R3870
D3R3680
D3R3890
D3R3900
D3R3910
D3R3920
D3R3930
D3R3940
D3R3950
D3R3960
D3R3970
D3R3980
D3R3990
D3K4000
D3R4&4010
D3R4020
D3R4030
D3R4040
D3R4050
D3R4060
D3R40T0
D3R4080
D3R4090
DoR4100
D3R4110
D3R4120
D3R4130
D3R4140
D3R4150
D3R4160
D3R&4170
D3R4180
D3R4190
D3R4200
D3R4210
D3R4220
D3R4230
D3R4240
D3R4250
D3k4260

WRITE (6+730) ASAVE(L),dSAVC(L)!CqAVE(L)’LJHVE(L)!LbAVC(L)lFSAVE(LD5R4270

1) sGSAVE(L)
WRITE 165740)
DO 570 N=1,J

D3R4280
D3R4290
D3R4300

WRITE (6+750) RSAVE(N);oSAVt(N)’TSAVL(N),JSAVE(N)’VbAVt(N)’WSAVE(ND3R4310

1) XSAVE(N)
GO TO 10

FORMAT (1H1,4Xs22HCRUSHABLE TORUS LANUER///7)

FORMAT (GE8.1)
FORMAT (20X»16HINPUT PARAMETERS//)

D3R4320
D3R4330
D3R4340
D3R4350
D3K4360
D3R4370

FORMAT (1X92HA=F64293Xs2HB=F60233X920C=F64293X92HD= Fo.2’3X'2HG F6.D3R4380

1253Xs5HRHOP=F54153Xy5HRHOL=F5.1/)

D3R4390
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620  FORMAT (1Xs5HRDIA=F642,8Xs3HVE=F641,3Xy3HVF=F6e1y6XsGHRNORM=F 643y 3D3R4400
1X+s5HRSHR=F6 433 3Xs 6HSTREF=F643/) D3R4410
630  FORMAT (1Xs6HRSHCR=F643 53Xy 4HAMUSFO ¢353X»4HPUW=F6 293X s 4HXKW=F 84 1/D3R4420
1) D3K&4430
640  FORMAT (1X93HEL=F6.293Xs3HF15F64298X23HEZTFL 293X 3HF c=Fbe 238Xy 3HED3R4440
13=F6¢2393Xy3HE3=F6.2///) D3R4650
650  FORMAT (20Xs11HOUTPUT DATA//) ‘ D3R4460
660  FORMAT (1X33HEG=F64293Xs3HFA45F64296Xs2HE=Fbe2,33X92HF=F64298Xs3HuP=D3R4470
1F6e133Xs3HWL=F6e1s3Xs3HWT=F641/) D3R4480
670  FORMAT (1XsTHFLOADF=F84s153Xs THELOADF=F 841 ,8Xs4rFCR=FLZe143X,6HFINCD3R4490
1R=F1241+8Xs4HECR=F124143Xy6HFINCR=F12,1/) " D3R4500
680  FORMAT (1XsTHFFLODF=F9.132X+ 7THEELODF=F941/) D3R4510
69C  FORMAT (1XsSHVELE=FGals3Xs5HVELF=F641s8Xs4HSCR= F6. 293X 4HXMT=F642,D3R46520
18X 4HFIQ=FS+1y3Xs5SHFIFO=F9.1/) D3R4530
700  FORMAT (1Xs4HVIE=F6e193XsaHVIF=F6el 98X s4HV2ZE=F64133Xy4HV2F=F6e¢1,8XD3RE540
194HV3E=F6e1 33X s4HVIF=F6e 1y BXy4HVAE=F 661 93X s 4HVAF=Fb41/) D3R4550
710  FORMAT (1Xs2HS=F6e233X,2HT=F64238Xs4HWL1=F0els3Xs 4HAL2=FGo L y3Xs4HWD3R4560
1L3=F6.1////) D3R4570
720  FORMAT (20Xs2B8HLGAD STROKE FOR FLAT LANUING//) D3R4580
730  FORMAT (1X3s2HS=F6.¢355Xs SHARELA=F94245X 6HFONTT=F10e 125X s»6HFOFTT=F10D3R4590
1e1s5Xs THFONTTN=F10e135Xs THFOFTTM=F10e1 45X s 6HVLLNF=Fbe1) D3R4600
740  FORMAT (1H1,20Xs28HLOAD STRCKE FOR EDGE LANLING//) D3R4610
750  FORMAT (1Xs2HT=F6.3,5X»SHAREA=F942,5X,6HFONTT=F104145X»6HFOFTT=F10D3R4620
1e135Xs THFONTTM=F10e1s5Xy THFOFTTM=F1041 y5X s 6HYELNE=F641) D3R4630
760  FORMAT (1H1520X243HVF.IS TOO GR[AT FOR ATTENUATOR XKW SELECTED///)D3R4640
END D3R4650-
1429 5.16  20.1 60 1.5 4e5 21 2270 5.0
85, 85, 0.0 0.0
1.0 Cots 0.7 1.0 0.3 2.0 0.0



APPENDIX A
A.4.2 OMNIDIRECTIONAL LOADS PROGRAM LISTING

PROGRAK DURR (INPUTsOUTPUTs TAPLS=INPUT »TAPE6=0JTPUT)

Omil

DIMENSION ASAVE(1Q0)sBSAVE(100)sCSAVE(100)sDSAVE(100)sESAVE(100)s OMI
]FSAVE(IUG)vGSAVE(lOO)»HSAVE(100),SSAVE(100);TSAVE(IOO) OM1

1¢ VRITE (6+460) oMI
READ (55470) AyBsCsDsEsF sGyRHOL g XKW UMl

READ (5+4470) BETsRDIASOXsDTHE : RNORM 3 CNHWT OM1

READ (59470) RSHCRSSTREF » AMU»PUY oMl

C oMI
C PROGRAM DETERMINES LOAD VS STROKE ANv VELGCITY CAPAslULITY FOR ANY OmI
C CRUSH ATTITUuE (CONSTANT THROUGHOUT STROKE) FOR A GIVEN CRUSHAoLE Oml
C TORUS : onil
C INPUT PARAMETERS Oml
C AsBsCrDryESF G CRUSHABLE TORUS DIMENSIONS (INCHES) Uinl
C XKW ATTENUCATOR SPECIFIC ENERGY (FT~LiS/Lis) oMl
C RHOL ATTENUATOR DENSITY (LBS/CUBICFOOT) oMl
C RET ANGLE BETWEENM CRUSH PLANE AND X AXIS (RAGDIANS) OMI1
C RDIA ROCK DIAMETER (INCHES) OMI
C bX INCREMENTAL X WHICH BUILD UP TO DIMeA (INCHES) OMI
C DTHE INCREMENTAL AMGLE THE (PLAN VIEw) IN RACIARS (o114 |
C RNORM RATIG OF MORMAL TU RADIAL CRUort LTRESS OM1
C CN NUABER OF STEPS DESIRED Iy ITNCREGCATING STRURE wial
C Wl TOTAL WEIGKT OF PAYLOAD ARD LANDING SYOTEM oml
C IN PCUNDS : 01l
C RSHCR RATIU OF #MAXe ALLuw SHEAR TG RADIAL CRUSH oMl
C STRESS . oMl
C STREF STROKE SFFICIENCY = ALLOWs STRUKE/ORIGINAL oml
C HEIGHT 0l
C AMU COEFFICIENT OF FRICTION Oml
C POw EXPONENT USED IR INTERACTION OF SHEAR AND oMl
C AXIAL STRESS oMl
C CUTPUT DATA Ooml
C U TOTAL ENERGY ABSCRDEL IN CRUSHIKko (INCA=PuUnULS)Um]
C VELBT VELOCITY CAPABILITY AT AnuoLE oeT (FT/8cC) U]
C ALCL ALLOWABLE CLEARANCE biTwoulN PAYLUAL ARL CRUSH  Oml
C PLANE TN INCHES ALLCWIRG 11e¢8( STRONE #HAKOIN Ul
C CLEAR CLEARAKRCe Lo TwEbN PAYLOAU ARD CRUSH PLANE (IN) Ol
C STTi STRQKE (INCHLS) Ol
C FONTT CrRuUSH FURCE NOXMAL Tu CRUSH PLAKE ACTING WITh Flnl
C FOFTT IN POURDS oMl
C FCFTT FRICTIGN FORCE = AMUXFUNTT Il PuunDS Qiil
C TORTT TOTAL TCRQUE DUE TO FONTY ARND FOFTT AoOUT ]
C TCR:JS CENTER (INCH=-PCUNDD) Uil
C ARTSL FOCTPRINT ARKLA (SGUARE IiwAES) Oi41
C ARMUN ARTSU ¥ ¥ DISTANCE Tu CeNTRObu (CUolC INCHESY  uild
C FONTT M CRUSH FORCE NOKMAL TO CRUSH PLANE (MAX WITh Ol
C AMU=0) [N POUNUS uml
C TCRT N TCRUUE DUE TO FunTTia AolUT Tukus CenTER (1wCii= Gmi
C POUNDS ) . Gel
C FOFTT® MAXe ALLOWe FRICTISN FURCE &ITH WORMAL FURCE oml
C = 0 (POUNLS) onl
C TORTF TORGUE DUE TO FOFTTM A4LOUT TORUS CENTER (INCH- OWMI
C PCUNDS) Ol
G 20 I=1s1300 . Ol

20 ASAVE{1)=040 Owi 1
[=0.C Oinl
FPNTT=C40 Ol

10
20
30
40
50
60
70
80
90
100
10l
110
120
130
140
150
160
170
160
130
<00
210
211
220
PR
230
231
240.
250
251
260
270
¢0o0
290
Y4
300
310
320
321
330
340
350
300
570
580
301
350
391
400
401l
410
411
429
430
440
450



40

5¢

10

100

[aXal

11¢
120
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U=0e0

VELRT=0.0

STTM=0e0

SPTM=Ca0

FONTTH¥=0.5

“FOFTTM=G.0

FONTT=Ce0

FOFTT=0.C

TORTN=0Q¢0

DAREA=Q.C

ARTSU=040

ARVGIM=040

ALLL=0eU
SIGMA=XKwWHRHOL/ (144 %5TREF)
CF1=SURT(E®*24+F##2 % (TAN(LET)#*2))

YOI=CFl-STTM/COSILET I+ (0-C)*TAN(BET)

CRUSH PLANL/PAYLOAD CLEARANCE AND ALLOWABLE CLEARARNCE LIMIT

IF (LET-0.01) 40540450
CLFAR=E-E-STTH

GG TO 70

IF (BET.LT«1.56) GO TG 6O
IF (BETeuTele58) GO TO 60
CLEAR=F+LU-C-A=5TTH

G0 TO 70

CLEAR={YCI~SURT(o¥%2+A# %24 TAN(OET)I¥¥2) )/ {oIN(SeTI® (1L O+TARN(OLT) ¥¥%2

1))} *TANC(GEET)
ALCLL=(1e0~STREF)I#{STTH+CLEAK)
ALCLZ=RUIA
ALCL=AMAXI(ALOLYIALTLZ)
ALCL=04894%ALTL+04106%CLEAK
STINC=(STTMHCLEAR-ALCL-0+005)/CN
IF (ALCL-CLEAR) 805804440
THE=0.0

INCREMENT THEs CALCULATE PS1sSTTH
THE=THE+L:THt

X=040

X1=0e0

MOUNT=1
PPS1=TAN(BET}*COS(THE)
PSI=ATANIPPS])

IF (PSleLTelett6) GO TO 100
I[F (PSI+GTe1.58) GO TO 100
FONT=0.0

GO TO 320

STTH=COS(PSI)#STTM/COS(BETI+COSIPST ) *¥SURT (L¥*¥2+F*¥% 2% (TAN(PSI)¥%2) ) 0ml

uml
Ol
Ul‘l I
Ooml
Oinl
Oml
oMl
Ol
oml
oMl
Ol
Giril
UﬂI
oMl
OM1
Qial
ol
Ol
Qi ]
[Oh|
oMl
UMl
UN]
um]
Ginl
uri ]l
Ol
Q4]
Oml
OoM1
O]
OM1
uml
Oml
oMl
Om]
oMl
il
[PRLY
oMl
Oml
Oinl
Ml
Ginl
Ol
Ol

1-COS{PSI)¥SURT (E*#2+F*¥2#¥ (TAN(GET ) ¥#2) )+ (0+0-C) #CUS (PO ) *TAN(BET) *0mM]

2(COS(THE)~2.01}

INTEGRATION LIMfTS (STTH=0 UR THE=1860.0cGREED)

IF (STTH) 400,400,110

IF {THE-3¢14) 12051205400
FOl=0.0

F02=0.0

FONT=000

Gin l
Uil
Om ]
oml
Onil
Ol
OMI

460
470
480
493
500
510
520
530
540
550
5560
570
589
590
600
0l0
623
630
640
650
660
670
600
ovy
700
710
720
730
740
750
751
760
770
780
790
600
810
820
830
640
650
860
870
880
690
900
910
Y20
930
Jho
¥50
960
970
980
930

OMI 1000
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TORKN=0e0 OMI1010
TOR2N=0.0 OMI1020
ARSU=0.0 OMI1030
ARMOO=0.0 0111040
ARS52=0.0 OoMI1050
ARMZ2=0e0 0oMI1060
CF1=SQART(E*#2+F%*¥2% (TAN(PS] ) *#2}) oM11070
Y0I=CF1-STTH/COSIPSI}+{D~C)*¥TAN{PSI1) 0MI1080
YCI=YOI+C#TAN(PSI) OimMl11090
EIC=2 0¥E#%2%(D~C) /F*%24+20¥YOI*TAMN(PST) OMI1100
EIR=YOI#*¥2-Ex*2+E%x%2# (D-C ) ¥ H2/F%¥%2 OoMIll1lo0
EID=CFl1¥%2/F#*2 oMI1120

IF ((EIC¥¥2—-4+.0%EID¥EIR)«LT40e0) GO TO 420 OMI1130
XOL=(EIC+SQRT(EIC®®2-4, 0% ID*EIR) )/ (2.0%E1D) OM11140
YOL=YOI-XOL*¥TAN(PSI) OMI1150

IF (YCI-E+D) 130,130,140 Orilll60

C . Orill170
C CALCULATE FORCE ON ELEMENTS INBOARD OF & OMI1180
130 FOZ2=SIGMARCHUTHER (G~C/Z+ 0} ¥ (CUSIPSIT ) +RNUi*TANIPS T ) ¥SIN(PST)) um] 1190
y TORZ2N=FQO2#%{G=C/2. 0)*CbS(PSI)—FO?*SIN(PSI)*(YU[TYCI)/2 0 oml 1200
AR52=C*¥(G~C/2+0) *¥DTHE/CUSIEET) L OmI1210
ARM2=ARS2#(YCI+Y01)/2.0 OMI1220

GO TO 26C - OMl11230

140 YQI=YOI-(D-C)¥TAN(PSI) OinIl240
IF (YGI-L) 15051504280 OMI1250

150 SXI=D#*2% (Lo 0+ (TAN(PSI) 1 ##2)~(L-U~YOL+(D-C)*TAN(PSI) ) **%2 0111260
IF (SX1eLT4040) OO TO 420 oMl 1270
XI1C=((E-D=YOI+{O-C)I¥TAN(PSI) ) *TAN(PSI )+SGRT(SXI))/(1e04TAN(PSI ) #*Uin] 1200
12)=-D+C Gril 1290
YolIC= YOI+X11C*TAN(PJI) Unl1s00

IF (YOI-YOIC) 16051605170 Oml1310

160 FO2=SIGMA#XT TCHDTHE* (G-XTIC/724 01 % (COSIPST)+RINOR*TARN(PSII®*S i (PST)unl 1520
1) Ol 1330
TORZN=FO2# (G-XIIC/20)¥COS(PSI)=FU2*SIN(PST)#(YOI+XLICHTAN(PSI)) Omli340
ARS2=X11CH¥ (G-XTIC/2.0)#DTHE/COS(BET) . UMI1350
ARM2=ARS2% (YOI C+Y0I11/2.0 0OM11360

GO TO 20¢C Omll370

170 I1F (XIIC+D-C) 2805200,180 0111380
C OMI 1390
C INCREMENT X UNTIL CRUSH PLANE/ATTENVATUR SUFACE 15 wusCHED oMl 1400
C ) INBOARO* Oinl 1401
180 X=X+bX Umli4iv
IF (X«eGE«A) GU TO 430 Oml L1420
CF2=(B/A-A/D)RSQART (AR*¥Q2-X¥##2) Gl 1430
CF3=A%¥SURT (Ax#2-X%%2)/ (5%X) Ol 1440
X1={CF1-STTH/COS(PST )+ (D-C)*TAN(PSI)-CF2)/ (CF3+TAN(PSI)) Gnml1450
Y1=CF2+CF3%X1 ] Ol 1460

IF (X1+x11IC) 1805200,190 OM11470

190 CF3=A#SQRT(A*¥*¥2-X¥%2) /{B#*X) oM11480
CF31=1.C/CF2 . Om11490
PHI=ATAN(CF31} OMI1500
FO2=SIGMA¥ (X1+XI QY *(O+(X1-XT1C)} /2.0 ¥DTHERCGSIPHI-PSI ) # {COSIPHI~-POMI1510

151 /COSIPSIV+SINIPHI-PSIV*TAN(Pr] =PST ) #RNURM/CUSIPST) ) L] 1520
TOR2N=FC2¥(G+( X1-XI1I1C) /2. 0)*(.03”’91)“rO?*oIN(pr)*(YUIC*’YI)/Z-O GiaI 1530
ARS2=(G+IX1-XITQ) /2 0} ¥ ( X1+ XTI Q) ¥ 0UTb/CuS(0eT) Ul 1540
ARMZ2=ARS2# (YOI C+Y1) /2.0 Un11550
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200

210

220
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INCREMENT X AND SUM FORCE UNTIL OUTBOARD INTERSECTION IS REACHED
X=X+DX

IF (X+GE«A} GO TO 430

CF2=(B/A-A/B)%SQRT (A%%¥2-X¥%2)

CE3=A*SQRT(A%¥2-X#%*2 )/ (B*xX)
X1=(CF1-STTH/COS(PSI)+(D-CI*#TAN(PSI)=CF2)/(CF3+TAN(PSI))
Y1=CF2+CF3%X1

CF31=140/CF3

PHI=ATAN(CF31])

RADI={X1-X)/SIN(PHI)

RAD2=G+X1 ’

DPHI=(A**3¥B*OX )/ { (A¥¥2* (AX K- XH#2 ) +BX%2EXHH2 ) HSURT [ARK2-X%%2))
DA=RAD2* (DX/COS{PHI)+RADI¥DPHI ) *DTHE

IF { BA «LT. ABS(Y1*RAD2%DTHE)) GG. TG 220

DA=0.0

DFN=SIGMA¥DAX (COS(PHI~PSI)+RNORM¥TAN(PHI-PSI ) #SIN(PHI~PSI))
FO1=FO1+DFN

DAS=2.0%DA/COS(PHI-PST)*COS(PST)/COS(BET)

ARSU=ARSU+DAS

ARMO=DAS¥*Y]

ARMOO=ARIMOG+ARMO

DTN=DFN*RAD2*¥COS{PSI)~DFN*SIN(PST)*Y]

TORKN=TORKN+DTN

IF (MOUNT«EQ.2) GO TO 250

IF (YOLeGT40.0} GO TO 240

IF ((X+1s01%#DX})eLTeA) GO TO 200

X=A

X1=F+D~-C

PHI=1457

DA=RAU2%Y1*DThE

DFN=SIGMA*DA* ( COS(PHI-PST }+RNCRM* TAN(PHI-PST) *SIN(PHI-PSI) )
FG1=FOl+uFN

DAS=2+0*¥DA/STHNIPSTY®COS(PST) /CUSIEBET)

ARSU=AKSU+DAS

ARMC=DAS%Y1/2.0

ARMOO=ARMCO+ARMO

DTIN=DFNXRAD2*CCS{PSI)-DFN*SIN(PSI) %Y1

TORKN=TORKN+DTN

1F (YOL«GELO.C) GO TO 270

INTEGRATIUN prYOND PHI=90DEGREES (YOL 1S NEGATIVE)
X=A=DX

CF2=(A/B~D/A)*SQRT (A¥X2-X¥%2)

CF3=—A*SURT (A**2=X%%2) / (B¥X)

X1=(CF1=STTH/COSIPSI)+(0-C) *¥TAN(PSI)~CF2)/ (CF3+TANIPSI))
Y1=CF2+CF3xX]

CF31=1.C/CF3

PHI=ATAN(CF31)

PHI=ABS (PHI)

RAD1=(X1-X)/SIN(PHI)

RAGZ=G+X1

UA=-RAD2#Y1*UTHE

DFN=STGMA¥UA® (CUS(PAT-PST) +RNURL¥TAN (PHI-PS1) %S TN (Pril=PST) )
FOL=FOL+UFN

VAS=2e0%UA/STHIPST ) ¥COS(PST) /CUSIBET)

0OMllv60
omMI1570
OMI1580
oMI1590
oMI1600
OMIl610
umli6c20
oMlles0
Umlilo4qy
OmMllob0
Ul ie60
unll670
Orll 1660
OMI11690
oMI1700
oMI1710
Oomll1720
OoMI1730
OoM11740
VMI1750
Omll760
omll770
Ol L7860
oM11790
OMI1800
OMll810
oMl1820
omMil830
0OrMl11840
Oril18%50
LMml1l860
Q11870
0118860
UMl lo90
Oml 1900
UI1910
Ornl1320
OM11930
OM11940
0omM11950
OM11960
OM11970
OM11980
OoM11990
UMI2000
OMI«<040
Oml2020
OmMJj2030
oMl2040
OM12050
OM12060
Ooril2070
OoM12080
UMle090
OMi12100
Gnl12110
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250
260

410

280

290
300

310
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ARSU=ARSU+DAS

ARO=DAS*Y]

ARMUU=ARMOO+ARMO

DIN=DFN#RAGZ#COS(PS] )-DFN¥SIN(PSI) *¥Y1
TORKN=TCRKK+DTN

MOUNT=2

IF (XOL-X1) 27052705260

IF ((X+1e01%0X)s3EsA) GO TO 230

IF (XCL-X1) 27092705200

IF (XUL=X1) 27052705260

X=X=uX

IF (XeGE-A) GO TU 430
CF2={A/B-B/A)XSURT (A¥K2-X*%2)
CF3=-A%SQRT (AN *2-X*%2) / (B*X)
X1=(CF1=-STTH/COS(PSI Y4 (Uv-CI*TAN(PSI}=-CF21/(CF3+TANI(PSI Y)Y
Y1=CF2+CF3#X1

CF31=1.0/CF3

PHI=ATAN(CF31)

PHI=ApS(PHI)

GG TO 210

AoDITICON CF FORCES On DTHE STRIPS

OnMl2120

MI2130
OMI2140
OM12150

0%12160

OMIZ2170
0112180
oM12190
0M12200
OCiliZlo
LIl e220
Om12230
O 12240
OM12250
Uinlzz60
oM12270
OGmIZ2280
0M12250
CiI£300
0412310
) 1¢320
Ol 350

DAFN=SIGMAR (KL-XuL )1 ¥ (G+ (X1+ XU} /2 0V ¥OTHRE*COS{PAI-PSIY*(CIS{PHI-PSUMT 2340

11)/7COSIPSTI+SINIPHI=PST ) #TAN(PHI~PS T} #RNUR/COS(PST))
ARNSU=Z (X1=XOUL) ¥KAU2*¥OTHE#240/CUS(BET) :
ARNOU=ARKSU* {YOL+Y1) /2.0
ARMOO=AROO~ARNGU+2 o 0¥ ARMZ -

ARSU=ARSU~ARNSU+2 + 0% ARS2

FO1=FOl-DNF

FONT=240% (FUL+F02)%COS(EET) /COSIPST)

TORMN=DNF 1% AD2%¥COS(PST ) -DNFR*YI¥SINIPST)

TORKN=TORK - TGRNT .

TORKN=2¢ 0% { TORKI i+ TOR2R) #COS ( THE)

TORTN=TORTN+TGRK

ARTSU=ART SU+ARSU

ARMCM=ARUM+AR MUY

FONTT=FONTT+FONT

ARMS (G+D-CI¥SIN(DET Y +COS(BET ) *# SURT (E*X 24+ F # ko ¥ TAN(CET ) #¥2)-ST T

GO 10 90

IRUARD INTERSECTION IS ON ATTENUATOR ELLIPSE
EIC=2,0#E**2*(C~C)/F*¥242.,0%YOIXTAN(PST)
EIR=YCI¥%2-p* % 240 ##2%(D—-C)¥*2/F#%2
ElU=CFLla®2/Fu*2

IF ((EIC¥%¥2-4e0%cIC*EIR)}«LTa040) GO TU 420
XIEC=(EIC-SURT(EIC#*2-4 4 0#EID*EIR)}/ (2.0%L10)
IF (X1-X1tC) 31024004300

X1IC=-XIEC

YIEC=YOI-XIEC*¥TAN(PSI)

YOIC=YIEC

00 TG 190

X=X+0X

IF (XeGE«A) GG TO 430

CF2=(B/A-A/S3)#SQRT (A%R¥*2-X¥%2)
CF3=A%#SQRT(A¥¥2-X¥%2 )/ (E*X)
X1=(CF1=-STTH/COS(PST}+{D~C)*¥TAN(PSI})~CF2)/(CF3+TAN(PSI))

GialZ2350
OMIZ2360
0412370
OMI2380
0M12390
uml 2490
C:il2410
0M12420
ol 2430
0M12440
OMIZ450
U1 2460
orl2670
012480
Geil 2490
0412500
Cml2510
OM1£520
0412530
OMIZ540
oM12550
OM12560
0412570
C12580
012590
Cm12600
012610
cv12620
012630
OMI2640
0112650
0112660
Oxilzo70



012680

, O TO 290 Oml 2690
I . Ul 2760
< EUGE CASE (BET=90.DEGREES) 0M12710
220 H=0+u+F—-( 0:12720
LY=ULX OmM12730
STTH=H~(H-5TTiM)/COS( THE) . 0M12740

IF (STTH-F) 330,249,340 0112750

330 QY=2e ®FXSTTH-STTH*%2 0M12760
IF (QYsLE«Q40) GO TO 390 0412770
Y1MAX=E/F*SGRT LOY) 0112780

G0 TO 360 UAL2790

340 XH={H=-5TTi} /COS{THE) Ci12800
IF (AH~-H+F) 350933049330 OMl2blo

220 QRY=D**¥2—{H-F-XH)¥*%2 omM12820
IF {uYelEe0e0) U TO 390 Cii12830
YIMAX=E-Lv +SURT (WY} OM1£3840

360 Y=Gel 012850
DAREA=4 « #Y 1 AX¥DTHER (H~5TTH) /{COSITHE) ) ¥%2 OMI 2660
ARTSU=ARTSU+LAREA OMI2870

370 Y=Y+0Y Ci12830
) X=A/BHSGRT (E##2-Y#%2) 0M12890
Yi=((H~-STTHM) /COS{THE)=G=X)#ARX %Y/ (BR¥2EX ) +Y OM12500

IF (Y1-YIMAX) 3805390s390C 0M12910

300 CE3I=0#X/ (A#SuRT (AX¥2-X%#32)) 012720
PAAl=nTAN(CF21) Cn1e2930
CPnl=1s5706-Prl . Omice940
UFN=STGMAR (R=-LTTo) ¥ LTHE*UY# (1 e+ ({H=STTM) /COS(THE ) ~G-X) ¥u**2RA% %4 /(0. 1¢¥50
IXH(BREGRXHESLARELHRYIHZ) ) )4 { Lo +REORFM [ TANCPRT ) ¥ 5o+ TN TR Y # %2 /CuSUMI 2960
2CPHEY M) CriledT0
DNFP=SIGHA¥ (YIMAX=Y 1) # (H~STTri) #OTHE# (CUS (P ] ) ¥ 22+ kru# I SIn (CPHT) U 129380
1#%2+CO0S(CPHI ) ¥ TAN(THD ) *%2) ) ¥4, Q4129990
FONT=FUNTHLFN¥®440 013009

GO T0 376 U.-. 13010

350 THEM=ACOS (1 0-5T Tri/HY ‘OmI3020
FOlTT=FORTT+HFURTHONEP 0M13030

IF (THe=Taeen) 9C94CL»450 0l 3040

C Ol 3050
C CALCULATL tnerGY AbSUKeos [ ICKRCHENT 2TrUnbs A 0O Tu pEvInnlisc Uslo000
430 IF (FONTTeLE«O4C) uu TO 410 u13070.
IF (ARTSUeLE«0.0) GU TO &l10 0M13080
FONTTM=FUNTT Or13090
TORTixM=TURTN Cx13100
FOFTTM=SIGHA¥RSHACRFARTSU 0213110
TORTEM=FCF 1 T %AR: 0-13120
RFURTT=(FUNTTIMEFCRT T % #PCR/Z{FOFTT A% AP O+ (FOURTTA¥ALU ) # ¥ EGU ) Crl3130
FOHTT=xFuNTT#x{1le/PuUd) 0#13140
FOFTT=AMUXFUNTT Gril2150
TORTINWETURTH®FORTT/FunT T Oiil>i00
TORTFG=FUFTT#ARM Gm13170
TORTT=TORTNG+TCRTFU 0iM13180

410 CONTIRUE 0113190
IF (STINCeEGC040) GO TO 440 GM13200
DU=(STTM=5P T} ®* (FONTT+FPNTT) /2.0 OoM13210
U=U+DbU -OMI3220

I=1+1 013230

Y1=CF2+CF2%X]1
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ASAVE(1)=FONTTM oml3440

BSAVE (I )=FONTT omI3250

CSAVE (1) =TORTNM "OM13260

DSAVE(L)=FOFTT OMI3270

ESAVE(1)=ARTSU OoM13280

FSAVE (1) =ARMOM oMI3290

GSAVE(I1)=FOFTTM OMI3300

HSAVE (1) =TORTFM oM13310

SSAVE(T)=5TTM oml3320

TSAVE(L)=TORTT 0Ml 3330

FPNTT=FONTT 13340

SPTM=STTM Ooril3350

STTM=STTM+STINC 0MI3360

GO 1O 30 0M13370

CONTINUE 013380

CONTINUE oMI3390

60 TG 400 oM13400

DU=FONTT#(STINC+CLEAR-ALCL) oMl3410

U=U+DuU OMI3420

VELBT=SURT(5:36%U/WT) oMl3430

CLEAR=CLEAR+STINC OMI3440

WRITE (6,480} oMI3450

WRITE (69490) AscsCrDsEsF G 0oMl3460

WRITE (6y500) RHOL s XKW s KNORMsRSHCR s STREF s Aty POW omMl3470

WRITE (69510) BETyROIASUXsDTHLE»WT oM13480

WRITE (6:+520} oOMI3490

WRITE (6+9530). UsCLEARYALCL»VELBT OMI3500

N=1 OMI3510

DO 450 L=1sN . oMI3520

WRITE (635540) SSAVE{L)sBSAVE(L)sDSAVL(L) s TSAVELL) sESAVE(L) »FSAVEILOMI3530

1) Oorl13540
WRITE (65550} ASAVE(L)»CSAVE(L) sGSAVE(L)»HSAVE(L) 0orl13550

GO TO 10 013560

OMI5570

FORMAT (1l 94X s 3THOMNIDIRECTIONAL LOAUS CRUSHABLLE TURUS///77) 013580

FORMAT (9E8e1l) Q013590

FORMAT (Z20XsLoHINPUT PARAMETLERS//) oM13600

FORMAT (1Xs2HA=F642+3Xs2HD=F6+4233X12HC=F6e¢2+3Xs2HD=F6+4233X+2HE=F6.0M13610

1293Xs2HF=F6¢293X92HG=F642/) OoM13620
FORMAT (1Xs5HRHOL=F54133Xs4HXKW=FBals3Xs6HRNORNM=F54393Xs6HRSHCR=F50M13630

1e393Xv6HSTREF=F5e¢343Xs4HAMU=F54393Xs4HPOW=F543/) OMI3640
FORMAT (1X94HUET=F54393Xs5HRDIA=F54293Xs3HUX=F64493Xs5HOTHE=F644330M13650

1Xs3HWT=F9.1//7/) OM13660
FORMAT (20Xs11HOUTPUT DATA//) . OMI3070

FORMAT (1X22HU=F12¢193Xs6HCLEAR=F94233Xs5HALCL=F9¢243X+s6HVELBT=FY40ri13680

12777 oml3690
FORMAT {1Xs5HSTTM=2F635s5Xs6HFONTT=F10e135X+s0HFOFTT=F10e¢135X+6HTORTOMI3T700

1T=F12¢195X3s6HARTSU=F94 295X s 6HARMOM=F 94 1) OMI3710

FORMAT (17X »7THFONTTM=F104195Xs THTURTANM=F1241 35X, THFOFTTM=F10¢1+5X50M13720

17HTORTFM=F12.1/) OMI3730
END OMI3740-
1l 7 15.1 0.0 0«0 2798 29632 0.0 543 3440
5 560 +151 «010 1.0 - He 7626

0e7 063 200
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APPENDIX B

B.1 INTRODUCTION

The Crushable Torus Landing Loads and Motions Program determines impact
loads and resulting spatial positions,'vélocities, and accelerations as a
function of time for an intermediate landing vehicle with a c;ushable torus
impact attenuator. The lander configuration may be established with the
Crushable Torus Structural Design Program (see Appendix A), or a lander design

may be available from some other source.

Featurés incorporated in this program include the ability to: select up
to six degrees of freedom thereby allowing simulation of spatial motion; vary
crushable attenvator elastic recovery, lander geometry, surface slope, coeffi-
cient of friction, and rock diameter; select values for as many as eight
independent parameters used to stop machine computation; and select variable
or constant step Predictor-Corrector or Runge-Kutta integration methods. In-
put data to this program includes initial lander attitude, position, linear
and rotational velocities, lander geometric and inertial properties, and sur-
face conditions such as ground slope, c¢oefficient of friction,'and rock

diameter.

Output data consists of the body forces, attenuator and frictional forces
and resulting moments, and lander translational and angular positions, velo-

cities, and accelerations, as a function of time.

The Crushable Torus Landing Loads and Motions Program was:developed for

a landing vehicle as shown in Figure B-1l. The lander is composed of two main

parts; the crushable attenuator and the payload.
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The attenuator can be shaped as a hollow sphere, a hollow ellipsoid, or
a torus with a circular, elliptical, or a combination circular,«felliptical,
and cylindrical cross section. Any type of attenustor material, such as balsa
wood, foams, and honeycombs may be considered. The payload can be spherical,
ellipsoidal, or cylindrical with hemispherical or ellipsoidal edge. The

dimensions for these shapes can also be varied.
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B.2 ANALYTICAL PROCEDURES

B.2.1 COORDINATE SYSTEMS - Three coordinate systems used to define the
motion of the lander as a function of time are shown in Figure B-2. All three
systems are rightnhahded and each consists of three orthogonal axes. These
coordinate systems are defined as follows:

o A coordinate system moving with the lander and fixed at its center of
gravity (X, Y, Z). This system is referred to as.the lander coordi-
nate system. The ¥ axis is the axis of symmetry of the landing
vehicle. Roll, pitch, and yaw axes coincide with the reference X, Y,
and 7 axes respectively. In defining the signs of rotation, the
right—hand rule is used. Since the vehicle is-symmetrical about any
piane containing the X axis direction at the origin, the Y and Z
directions are chosen arbitrarily.

o A coordinate system fixed in the planet and aligned with the gravity
vector (Xg, Yf; Z¢). This system is referred to as the gravity
coordinate system. The Zy axis is directed toward the center of tﬁe
plahet and the positive Xy and Yf axes are directed toward the north
and east resgpectively.

o A coordinate system fixed in the plangt and oriented with respect to
the slope of the local surface (Xj5, Y34, Z15). This system is
referred to as the surface coordinate system and differs from the

gravity coordinate system by the rotation a about the Xy axis.

The coordinate systems are related by the following expression where TR

and TRL are matrices of direction cosines:
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Xp X

Y, = TR (I, J) Y

Zf Z
and

X34 X

Yy = TRL (I, J) Y

l1s yA

These transformations are used for relating forces, accelerations, velocities,
and displacements between the various coordinate systems.

During the integration of the equations of motion, one or more of the
direction cosines may become slightly greater than one. This is a result of
the lander experiencing high angular velocities and is due to the finite step
nature of the numerical integration methods employed. When this occurs, the
program prints out a message, recomputes the direction cosines such that the

direction vector is normalized, and continues the integration.

B.2.2 ASSUMPTIONS ~ During the analytical model development, several
assumptions were made to reduce program complexity consistent with the scope
of the study. A summary of the basic assumptions follows:

a. Only rigid body motion is considered.

b. A constant friction coefficient is assumed. (A mechanism is pro-

vided in the program for reducing motion oscillation caused by

friction forces when the contact surface is approaching zero velocity.)
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COORDINATE SYSTEMS
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¢. Aerodynamic forces are negligible.

d. Mass moment of inertia changes due to crushing the attenuvator are
negligible.

e. The general geometric shape is assumed (see Figure B-1).

f. The crush plane always contacts virgin material. This aSsumption
would be violated if there is a second bounce on the same attenuator
crush plane or if successive crush planes intersect (see Figure B-3).

g. Load-stroke subroutine assumptions are identical to those for the
load-stroke portion of the Crushable Torus Structural Design Program,
Appendix A.

h, The crushable attenuator and Lhe payload are each assumed to have a

constant density.
B.2.3 METHODS OF ANALYSIS

B.2.3.1 Loads Calculation. ~ The external loads on the vehicle are the

crushing force and moments, the frictional force and moments, and the gravita-

tional force.

The crushing force is the resultant force normal to the contact area
(footprint) necessary to crush the attenuator. A vehicle moment results if
this force does not act through the lander center of gravity. This force and
moment are calculated in the LD3TR subroutine (which is an adaptation of part
of the Crushable Torus Structural Design Program) and the analyses and assump-

tions used to determine them are defined in Appendix A.
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The location of the crush plane, needed for the crushing force calcula-
tion, is defined by the maximum attenuator stroke (at each time point) and

the angle () between the crush plane and the vehicle Y-Z plane.

The angle (ﬁ) is calculated from the direction cosine matrix used to

describe the vehicle orientation (see Section B.2.1).

The maximum stroke equation, for B less than 90°, is

i

STROKE = -zLS + [(G+DC) sin B + (EF2tan?8)]Y? cos B

for g = 90°

i

STROKE = -Z1S + G -C +D + F

These symbols are defined in Figure B-4.

The frictional forces are calculated assuming a constant coefficient of
friction, and their direction is opposite to the motion of the centroid of
the footprint area. The frictional forces are reduced when their magnitude
is greater than that required to stop the vehicle footprint centroid within
one integration time interval and to rgsist the forces and/or moments tending
to move it. This is done to prevent oscillatory motion (instability cf the
calculations) as the footprint centroid motion stops. A frictional resisting
moment is also generated by pure rotation of the contact (footprint) area of

the attenuator. These calculations are made in the FORM subroutine.

B.2.3.2 Equations of Motion. - Vehicle motions and displacements as a

function of time are obtained by numerically integrating the vehicle differen— -

tial equations of motion. The equations of motion, in vehicle coordinates are:

1k
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Selection of the number of degrees of freedom of motion allowed (up to six) is

an input to the program; if less than six degrees of freedom are allowed, some

calculations in the program are by-passed and the program running time is

reduced.

Three numerical integration methods for integrating the eqﬁations of

motion are available; fixed step fourth order Runge - Kutta technique and

fixed or variable step Adams-Moulton Predictor-Corrector techniques.

Their

selection is controlled by input indicators (see Figure B-5).
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B.3 PROGRAM OPFRATION

B.3.)1 INPUT DATA

B.3.1.1 Input Quantities. - Information describing the geometric and

mass properties of the specific lander to be studied, the lander's initial
positions and velocities, the planet surface conditions, and a number of
iﬁdicators to initialize the integration routines are required as input data
by the program. This section discusses the required input quantities while
the mechanics of setting up the input data, required data card format, input
position definition, and the additional option to modify the output quantities

through input indicators is discussed in Section B.3.1.2,

Input parameters are defined in Figure B-5. Many of these quantities are
adequately explained in this figure, but a number of them require additional

comments.

The program initialization routine assumes that the initial rotations of
the lander are carried out in the order of yaw ({), pitch (8), and roll (¢).
This point must be considered in determining the magnitudes of these rotations

to locate the lander at the desired initial angular orientation.

When any of the following indicators are read in as zero, they are reset
internally in the program with the nominal values indicated below. This is to

guarantee successful initialization of the program routines. .

Y
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EMAX = 0 EMAX set equal to 1 x 107 (see Appendix F)
EMIN = 0 EMIN set equal to 1 x 1070 (see Append‘ix. F)
HMIN = 0 HMIN set equal to HMAX ¥ 2716 seconds -
NMBNCS = O NMBNCS set equal to 100

DTHE = O DTHE set equal to 0.03 radians

In addition, if either NCUT or VMIN is initially zero, the program will

terminate with an error message.

The program considers a lander whose moments of inertia are constant with
time, although capability for subsequent inclusion of variable inertias was
provided. Therefore, the mass moments of inertia indicator, MMIC, must be set

equal to zero.

In order for the program to use the variable inertia option, the time
rates of change of the moments and cross products of inertia would have to be

calculated,

Several methods for obtaining computational termination for a particular
lander case are provided in the program. One feature results in termination
when any one of up to eight variables reaches a preset cutoff value. The
eight cutoff variables are as follows:

o Real time (T)

o Total surface velocity (TOTSV)

6risurface range (RANGE)

o Velocity parallel to surface (TILSV).
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o Distance normal to surface (ZLS)

o Roll rate (PHID)
o Pitch rate (THETAD)

o Yaw rate (PSID)

XS (J) is the array which contains the cutoff value for each cutoff
variable. The array IND(J) contains indicators which define whether the cut-
off variables are increasing or decreasing toward the cutoff values. These

cutoff indicators are set as follows:

il

IND(J) = O ~ Cutoff variable increasing to cutoff limit.

IND(J) =1 - Cutoff variable decreasing to cutoff limit.
In these two arrays, the subscript J indicates the order in which these quan-
tities are read into the program. The time history variableé to which a

specific cutoff value applies is governed by its location in the data field.

The number of lander impacts to be considered in a particular case is
governed by the input quantity NMBNCS. The program terminates when the lander
leaves the ground at the end of the last impact of interest. 1In addition, a
specific case is terminated if the crushable attenuator is displaced into the

payload clearance envelope (indicating inadequate attenuator dimensions).

The quantities PLTRAD and PLTMAS are used to determine the planet's
acceleration of gravity as a»functioﬁ of altitude. This relationship is

" given as:

_ =G PLTMAS

GZ =
& = (PLTRAD -zf)2
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In this expression:
GZ = g = acceleration of gravity (ft/secz).

G = Universal Gravity Constant (1.0684 x 1077 ftB/lb—secz).

PLTMAS = Planet's mass (lb—secz/ft).

Planet's radius (ft).

I

PLTRAD

Lo = Position of lander center of gravity in local surface Zj1g axis.

An example of the required data setup is given in Section B.3.3. Also

shown are the various options which are available for the output data format.

B.3.1.2 Input Format. - All of the data cards required for the execution
of any one case are referred to as a data set. As a data sct is read, the
values of the input variable with appropriate labels and'messages are printed
for further reference when evaluating the resulting lander time history cut-
put. A data set must be terminated by a data card containing EOD in columns
2-4 with columns 5-11 blank. There is no program limit to the number Qf data

sets that can be run during any one Jjob.

Figure B-6 shows the required format for the inpus dala cards. The in-
‘put data can be thought of as a one dimensional array whose elcmenls coatali.
the values of the various input quantities. The input routine is completely
compatible with the Inflatable Torus Landing Loads and Motions Programs
(Appendix D) and this fact accounts for some of the apparent blanks in the
input format. Many of the locations in the inpult field are used to input
quantities required with the analysis of the inflatable system. These input

positions are noted in Figure B-6.
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A datarset for the Crushable Torus Landing Loads and Motions Program may
consist of three different types of data cards. These three types of cards
are described below in the order they are required within a data set,

Type 1:

In any one data set the first three cards are always used as a descrip-
tion of the case to be run. These_cards have the following format.

Column 1: Must be left blank

Columns 2 - 55: May contain any descriptive comments which will be

printed at the beginning of the input data listing.

Columns 56 - 80: Are not read by the program and may be used for

comments or identification statements.

Type 2:

The assignment of initial values to the program variables by input data
is accomplished with this format. All data values read from these cards are
first stored in the array DATA. The various input variables are then assigned
their respective initial values by equating the variables to a specified DATA
element. Since the DATA elements are initially set equal to zero, an input
variable will have an initial value of zero unless the corresponding DATA
element is changed by card input. The few exceptions to this are the indica-

tors discussed in Section B.3.1.1.

The input quantities contained in the six data fields of a data card are °

stored consecutively in the DATA array. Each card contains a subscript which

governs the data position (in the array DATA) of each variable on that card.

The data position of an input variable is obtained by assigning the first
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variable on a card the data position equal to the card subscript. Each fol-
lowing variable, moving from left to right on the card, has a data position
one increment larger. For example (Figure B-6), the coefficient of friction
(AMU) has a data position of 119. Thus, a particular data card needed to

define a given variable is identified by the card subscript.

In the instance of multiple data sets, all of the previous data set is
retained except those quantities changed through reading the cards of Type 2.

However, each data set must contain at least one card of Type 2.

The following describes the required format for the Type 2 input cards.
Column 2: Read as an integer number with an I1 format.
If the value is zero, another carﬁ is read in
the same format. If the vaiue is not zero, the
card represents the last card of Type 2 in the
data set. The last Type 2 card in a data set
must contain a non-zero value in this column.
Columns 5 - 7: Read as an integer number with an I3 format.
This field represents the data card subscript
for the particular card.
Columns 10-19, 20-29,  Read as a real variable with an E10.5 format.
30-39, LO-49,
50-59, and All data values must be input as floating poin@
60-69: numbers. Integer variables are converted from

floating point quantities by the program.

Columns 1, 8-9, These are not read by the program and may be

and 70-80: used for comments and identification statements.
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Type 3:
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Information on these cards is used when the optional output routine is

desired. The option allows a different variable to temporarily replace a

standard output variable in that variable's output postion.

There may be as many as 72 input cards of this type. Each card contains

an identification name (one to ten characters), a subscript locating the

desired output variable in the program array COMINT, and an indicator giving

the desired print position of the variable.

Columns 2-11:

Columns 15-19:

Columns 21-25:

Columns 1, 12-14,
20, and
26-80:

The ten characters in those columns are used as
the identification name for the variable to be
printed. (VNAME)

Read as an integer number with an I5 format.

"This value is the subscript of the common array

COMINT element in which the desired output vari-
able is located (see Appendix LE). (LCOMN)

Read as an integer number with an 15 format.
This value is used to specify the print position
in which the desired output variable will be
printed. The output routine's print positions
are defined in Section B.3.2. (LPT)

These positions are not read by the program and
may be used for comments and identification

statements.
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For a multi-case computer run, if the output format is modified in a data
set, the succeeding cases will have the same modification unless changed by
their data set. New runs revert to the standard format unless they are modi-

fied by their data set.
B.3.2 OUTPUT DATA

B.3.2.1 Output Quantities. - At specified times during the integration

routine, various time varying quantities defining the lander's positions,
velocities, and accelerations; applied forces and moments; and other items of
interest such as attenuator crush stroke and lander distance traveled are
printed. In addition, an output option is available whereby the standard out-
put variables may be replaced by other quantities of interest. This procedure
is discussed in detail as Type 3 in Section B.3.1.2. Theboutputvinformation
is printed by a call to the PRINT subroutine. The output format resulting
from this subroutine is discussed more fully in the following section, Section

B.3.2.2.

Initial output from the program presents the input data read in for the
specific case being considered. Following this information are the weight and
inertia properties of the lander. The time histories describing the lander's

motion are then given.

- Figure B~7 shows the form of the standard heading which appears at the
top of each page of time history output. The values of the output variables

appear as blocks of data following this heading and are printed in the same
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format as the heading. At the top of each block of output, a line of informa-
tion giving the Central Processor (CP) time since the start of the job, the
real time, and the present integration step size is printed. Following these
is the block of output quantities corresponding to the printed value of real

time.

Figure B-8 defines the standard output parameters which are available in
the program. Also shown are the appropriate units of the variable and its
. respective print position. The top line of the output consists of print posi-
tions 1-12, the second line consists of print positions 13-24, and so forth to

line six which consists of positions 61-72.

Many of the output parameters are completely defined in Figure B-8, but

some require further comment.

The STROKE parameter is the maximum attenuator crush distance measured
normal to the crush plane. The resultant normal crushing force (FONTT) is
assumed to act only when STROKE is positive and increasing and, on a linearly
reducing scale, during the elastic rebound distance (ELST). This would be
typically 1% to 5% of the total stroke. FONTT goes from maximum stroke value

to zero over the ELST distance. When STROKE is negative, it is the distance

normal to the local surface of the uncrushed attenuator's closest point.

The variables XPF (I), XCD (I), ANGLD2, ANGLD3, FS (I), and TFC (I) are

not calculated when FONTT is zero, and are printed out as zero.
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STANDARD QUTPUT DATA — CRUSHABLE TORUS LANDING LOADS AND MOTIONS PROGRAM

PROGRAM VARIABLES

Jowrs ]

WTERTH

VARIABLE DEFINITION

LANDER WEIGHT AND INERTIA PROPERTIES

Lbs Lander Weight on Earth
WTPLNT Lbs Lander Weight on Planet
XXi Lb Ft Sec? Lander Moment of Inertia About X Axis
YYI Lb Fit Sec? Lander Moment of inertia About Y Axis
271 Lb Ft Sec? Lander Moment of Inertio’ About Z Axis
XY Lb FrSec2 | Lander XY Product of Inertia
XZI Lb Ft Sec2 Lander XZ Product of lnertia
YZI Lb Ft Sec? Lander YZ Product of Inertia
XXID Lb Ft Sec Rate of Change of XX! (Not Used)
YYID L.b Ft Sec Rate of Change of YY! (Not Used)
271D Lb Ft Sec Rate of Change of ZZ1 (Not Used)
XYID Lb Ft Sec Rate of Change of XY| (Not Used)
XZID Lb Ft Sec Rate of Change of XZI (Not Used)
YZID Lb Ft Sec Rate of Change of YZI (Not Used)
PROGRAM PRINT ANALYSIS
VARIABLE POSITION SYMB OL UNITS VARIABLE DEFINITION
INTEGRATION TIME HISTORY PARAMETERS
TIMECP CP Time Sec Computer Central Processor Elapsed Time
T Sec Real Time Elopsed (Starts ot Initial Input Time)
HZ DT Sec Integration Step Time Interval
GROUND REFERENCED TiME HISTORY PARAMETERS, 3 LINE FORMAT OPTION
{Locol Surface Referenced Unless Otherwise Stated)
XLS 1 Ft Londer Center of Gravity (C.G.) X Location
XDLS 2 Ft -Sec Lander C.G. Velocity, X{g Component
XDDLS 3 Fi/Sec2 Lander C.G. Accelerotion, X, Component
YLS 13 Fi Lander C.G, Y| Location
YDLS 14 Ft Sec Lander C.G. Velocity, Yy, Component
YDDLS 15 Ft/Sec Lander C.G. Acceleration, Y|, Component
ZLS 25 F1 Londer C.G. Z, Location
ZDLS 26 Ft'Sec Lander C.G. Velocity, Z) Component
ZDDLS 27 Ft/Sec2 Londer C.G. Acceleration, Z, Component
SIGMA 4 Flt Ang. Deg Heading Angle From North Toward East (On X¢-Y¢ Plone)
GAMA 16 Ver Ang Deg Resultant C.G. Velocity Angle (From the X;~Y¢ Plone)!
STROKE 28 In. Maximum Attenuator Stroke Normal to Crush Plane.
FONTT 5 Lb. Resultant Crush Force On Attenuator (Norma! to Crush Plane)
TORTN 17 Ft Lb Moment About the Lander C.G. Coused by FONTT.
FRICT 29 Lb Resultant Frictional Force on Attenuator:Footprint.

VEHICLE COORDINATE REFERENCED TIME HISTORY PARAMETERS, 3 LINE- FORMAT OPTION

XD (1, 1) 6 XD Fi/Sec Londer C.G. Velocity, X Component
XDD (1,1) 7 XDD F?/Sec2 Lander C.G. Acceleration, X Component
XD (1,2) 18 YD Ft./Sec Londer C.G. Velocity, Y Component
XDD (1,2) 19 YDD Ft/Sec2 Lander C.G. Acceleration, Y Component
XD (1,3) 30 ZD F1/Sec Lander C.G. Velocity, Z Component
XDbD (1,3} 3N ZDD Ft/Sec Lander C.G. Acceleration, Z Component
XD (1,4 8 PHID Rad/Sec Rotational Velocity About X Axis
XDD (1,4) 9 PHIDD chd/Sec2 Rotational Acceleration About X Axis
XD (1,5) 20 THETAD Rad/Sec Rotational Velocity About Y Axis
XDD (1,5) 21 THETADD | Rad/Sec Rotational Acceleration About Y Axis
XD (1,6) 32 PSID Rad/Sec Rotational Yelocity About Z Axis ’
XDD (1,6) 33 PSIDD Rud/Sec2 Rotational Acceleration About Z Axis
Figure B~8




APPENDIX B

STANDARD OUTPUT DATA—- CRUSHABLE TORUS LANDING LOADS AND MOTIONS PROGRAM (Contd)

PROGRAM} PRINT [ANALYSIS

vARIABLE|posiTION| symeoL | UNIT VARIABLE DEFINITION

VEHICLEORIENTATION TIME HISTORY PARAMETERS, 3 LINE FORMAT OPTION
(With Respect to the Local Surface)

ANG (1,1) 10 Deg Direction Angle Between Local Surface X Axis (xls) and
. Lander X Axis (X).
ANG (2, 1) 22 Deg Direction Angle Between Yl5 and X
ANG (3,1) 34 Deg Direction Angle Between Z;_and X
ANG (1,2) N Deg _ Direction Angle Between Xls and Y
ANG (2,2) 23 Deg Direction Angle Between Y} and.Y
ANG (3,2) 35 Deg Direction Angle Between le and Y
ANG (1,3) 12 Deg Direction Angle Between X|s and Z
ANG (2,3) 24 Deg Direction Angle Between Y| and Z
ANG (3,3) 36 Deg Direction Angle Between le ond Z

ADDITIONAL GROUND REFERENCED TIMEHISTORY PARAMETERS, 6 LINE FORMAT OPTION
(Local Surface Referenced Unless Otherwise Stated)

RANGE 37 Ft Distance Traveled Across Local Surface (Arc Length)

{Initial Value is Input)
ACLR 49 In. Re maining ollowable aitenuotor stroke
Gz 61 Ft/Sec2 Acceleration of Grevity ot Lander Altitude
XCF (1) 38 Ft:Sec Attenuator Footprint Centroid Velocity X;  Component
XCF (2) 50 F1./Sec Attenuator Footprint Centroid Velocity Yie Component
XCF (3) 62 Ft.’Sec Attenuator Footprint Centroid Velocity le Component
TOTGY 39 TOT VEL| FtSec Resultant Londer C.G. Velocity
YLGRAY 51 Ft. 'Sec:2 Local Surface Component of the Acceleration of Gravity

in Y Direction ' ’
ZLGRAV 63 Ft/Sec? Local Surface Component of the Acceleration of Cravity
Z, Direction )
XN 40 Planet g's Load Factor X|, Component
YN 52 Planet g's Load Factor Y|, Component
ZN 64 Plonet g°s Load Factor le Component
FS (1) 41 Lb Attenuotor Footprint Frictional Force, X Component
FS(2) 53 Lb Attenuator Footprint Frictional Force, Y Component
ANGL E3 65 Deg Angle Between Friction Force Direction and Local Surface X|  Axis.
ADDITIONAL VEHICLE COORDINATE REFERENCED TIME HISTORY PARAMETERS, 6 LINE FORMAT OPTION
XPF (1) 42 Ft Location on Crush Plane of Resultant Normal Crush Force (FONTT),
X Coordinate
XPF (2) 54 Ft Location on Crush Plane of FONTT, Y Coordinate.
XPF (3) 66 Ft L.ocation on Crush Plane of FONTT, Z Coordinate
FF (1) 43 Lb Equivalent Applied Force ot Lander C.G., X Component
FF (2) 55 Lb Equivalent Applied Force ot Lander C.G. Y Component
FF (3) 67 Lb Equivalent Applied Force ot Lander C.G., Z Component
FF (4) 44 FtLb Equivalent Applied Moment, Component About X Axis.
FF (5) 56 Ft Lb Equivalent Applied Moment, Component About Y Axis
FF (6) 68 Ft Lb Equivalent Applied Moment, Component About Z Axis,
TEC () 45 Ft Lb Frictional Torque Due to Pure Rotation of the Attenuator Footprint,
: Area, X Component
TFC (2) 57 Ft Lb Footprint Frictional Torque, Y Component
TFC (3) 69 Ft Lb Footprint Frictional Torque, Z Component
ADDITIONAL VEHICLE ORIENTATION TIME HISTORY PARAMETERS, 6 LINE FORMAT OPTION

ANGLD 46 Deg Dihedral Angle Between Lander Coordinate

YZ Plane and Local Surface Coordinate

XY Plane.
ANGL D2 58 Deg Dihedral Angle Between Lander XY Plane

and Plane Defined by Vehicle X Axis

and Local Surface Z Axis (Maximum Attenuator Stroke Occurs in this Plane).

Figure B-8 (continued)
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B.3.2.2 Qutput Format. - At the end of specified integration intervals,
the various time history quantities of interest are printed. The:print times
are governed by the input indicator KOUNT2. Two formats are available in the
output routine: three lines of output containing 36 variables (Option 1) or
six lines containing 72 variables (Option 2). Option 1 prints the top three
lines of output defined on Figure B-7, while Option 2 prints all six lines as

shown in this figure. The output format is governed by the input quantity

1ERPRT.
IERPRT = 0 - Print Option 1
IERPRT = 1 Print Option 2

Internally the subroutine PRINT uses the time history variables' programn
name and the subscript defining the variable's location in the common array
COMINT to print the variable. It is important to note that only real vari-

ables in the common array COMINT can be printed.

When more than one cutoff variable (NCUT >1) is employed with the vari-
able step Predictor-Corrector integration routine, the time history data must
be carefully evaluated. In this situwation, if the integration error tolerance
is exceeded and the integration step size reduced, the output over a portion
of the previous real J‘oime is repeated. The last time history quantities
listed for a specific real time (T) should be used since they are the most
accurate, This does not occur when only one.cutoff pafameter is specified or
with the Runge-Kutta or fixed step Predictor-Corrector integration routines.
Program termination for number of bounces (NMBNCS) or payload clearance is

separate and is not counted in NCUT,
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Examples of the output format for the various options are shown in

Section B.3.3.

B.3.3 EXAMPLE OF PROGRAM OPERATION - In order to further illustrate the

operation of the program, the program setup for the following example case

will be shown:

1.

Toroidal aluminum trussgrid crushable attenuator (density 3.5
lb/ft3).

Cylindrical payload (density 60 lb/ftB).

Lander dimensions and initial orientation as shown in Figure B-9.
Surface gravitational acceleration of 12.3 ft/secz.

Slope of —3h°f

Surface rock diameter of 5.0 inches.

Initial resultant velocity of 85 ft/sec.

Initial c.g. velocity vector in the gravity axes Y;-Z¢ plane, 30°
from the positive Zy axes in the direction of the Yf axis (see

Figure B-9).

The data will be set up to run two cases in the same run. The first

case will be as described above and use the standard output parameters with

the six line format. The integration will be variable step Predictor-

Corrector. The second case will be the same as the first except that the

initial center of gravity velocity vector will be in the gravity axes X;-Zp

plane, the three line output format will be used, the local surface displace-

ments, velocities, and accelerations will be replaced in the printout by their

corresponding gravity axis values, and fixed step Predictor-Corrector
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INITIAL LANDER CONDITIONS
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' APPENDIX B
integration will be used. The cutoff variable for both cases will be real
time (one second, increasing limit). The program will also be terminated

after one bounce.

The input cards for this run are shown in Figure B-10, and program out-

put, in the order in which it occurs, is shown in Figures B-11 through B-14.

Central processor computing time for one case involves two components;
compilation time and running time. The compilation time is approximately
50 seconds. The running time varies considerably with the type of case run,
especially with respect to the input incremental parameters DX and DTHE used
in the LDSTR subroutines {(larger values reduce running time). Other factors
affecting running time are: impact attitude (flat landing cases run longer),
the type infegration used (variable step Predictor—Corrector.fastest, Runge~
Kutta slowest), and the number of impacts or bounces allowed (more bounces

increase time). Nominal running times for one case are two to five minutes.
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APPENDIX B

CRUSHABLE TORUS TANDING LOADS AND MOTIONS PROGRAM

Print Out of Input Data

(Example 1)
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ONS PROGRAM

Typlcal Time History Output Page

CRUSHABLE TORUS IANDING LOAD AND MOTI

Print Option 2

(Example 1)
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APPENDIX B

CRUSHABLE TORUS LANDING LOADS AND MOTIONS PROGRAM

Print Out of Input Data

(Example 2)
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CRUSHABLE TORUS LANDING LOADS AND MOTTIONS PROGRAM

History Output Page

jcal Time

Print Option 1
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APPENDIX B
B.4 PROGRAM DESCRIPTION

B.4.) SUBROUTINES - The program consists of the main program and the

subroutines SOLVE, AERO, ENVIR, PHYS, INERT, LDSTR, FORM, PCCUT, and PRINT.

The subroutines AERO and ENVIR are not used in the present program, but
are provided for future growth and improvement in the program. The AERO sub-
‘routine would be used for calculation of aerodynamic forces on the wvehicle,
and the ENVIR subroutine would be used for environmental effects, such as

local winds.

A brief summary of the subroutine and multiple entry names and functions

(of those presently used) is given in Figure B-15.

B.4.1.1 Main Program. -~ The main program reads in the input data,

initializes the parameters used in the program, and sets up the data used in
the subroutines. It also initializes and updates the direction cosine matri-
ces, calculates the vehicle accelerations to be integrated (using the equa-
tions of motion), and controls the number of degrees of freedom of motion as

specified in the input data.

B.4.1.2 SOLVE Subroutine. - This is a matrix inversion subroutine used

to solve the angular equations of motion for the highest derivative (vehicle
accelerations) so that they can be integrated. It is also used to invert a-

matrix in the FORM subroutine.

B.4.1.3 PHYS Subroutine. — This subroutine has two entries, PHYS and

PHYS1. The first entry is called only once per case and is used to initialize
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CRUSHABLE TORUS LANDING LOADS AND MOTIONS PROGRAM
COMPUTER PROGRAM ORGANIZAT ION

MAIN Input, Initialization, Set Up Equations of Motion

SOLVE Matrix Inversion
PHYS Initialization, Mass Properties

INERT Weight, Moments and Cross Products of Inertia
PHYSI Calculation of Forces and Moments

LDSTR Crushing Force and Resulting Torque

FORM Friction Force, Equivalent Forces and Moments at Vehicle C.G.
PCCUT Numerical Integration Subroutine

LOC Cutoff Variable Definition and Storage

INUPD Parameter List of Integrated Variables

SETUP Initialization of PCCUT Subroutine

INTEG Integrate Equations of Motion

CuT Check Cutoft Limits

UPDAT Update Variable Lists, Modify Integration Interval
PRINT Output

Figure B-15
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parameters and call the INERT (inertia) subroutine., The second entry is

called in each integration time interval and is used to locate the crush plane
(maximum attenuator stroke eand angle from vehicle Y-Z plane to local surface)

and then call subroutines LDSTR and FORM, in that order.

B.4.1.4 INERT Subroutine. - The mass and inertias for the equations of

motion are supplied by the INERT subroutine. The subroutine uses the geometry
‘defined in Figure B~1 and divides the vehicle into 8 sections to calculate the
inertias., The individual sections weight, center of gravity, and inertias are
calculated and then the sectlions are combined to determine the total weight,
center of gravity, and inertias. This approach makes possible the addition or
removal of sections during the running of the program. It is this capability
that mekes variable center of gravities and inertias possible. This capability
is not presently used, since inertia changes are small dnd program running time

would be Increased.

B.4.1.5 LDSTR Subroutine. - The ILDSTR subroutine supplies the resultant

normal force caused by crushing the attenuator, and the location of this force
and of the footprint centroid. The maximum stroke and the angle between the

X-7 and Xls“Yls planes are input to this subroutine from PHYS.

B4,1.6 FORM Subroutine. =~ The megnitude and direction of frictional

force and moments and the total equivalent forces and moments along and about

the vehicle axes are calculated in the FORM subroutine.

B.4.1.7 PCCUT Subroutine. =~ This is the numerical integration subroutine.

It has six entries: 10C, for locating and storing program cutoff parameters;
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INUPD, for setting up a list of the variables to be integrated; SETUP, for
initializing the subroutine parameters; INTEG, for calculating the integrated
values; CUT, for checking program cutoff parameters against their limit
values; and UPDAT, for updating the integrated variable list with the newly
integrated values and, in the variable step Predictor-Corrector, for checking

calculation accuracy and modifying step size accordingly.

B.4.1.8 PRINT Subroutine. - This subroutine prints the output data.

B.4.2 FLOW DIAGRAM -~ The general flow of calculations throuvgh the pro-

gram is shown in Figure B-16.

B.4.3 PROGRAM LISTING - A listing of the program is given on the fol-

lowing pages.
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FLOW DIAGRAM

CRUSHABLE TORUS LAN_PING LOADS AND MOTIONS PROGRAM
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1 | | r [
i : | | |
e : A=y
1 [
-
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MAIN PROGRAM (Continued)

Print Message
Aflowable
Cleorance
Exceeded

Yes
{ CollCUT )

Bnckup\
Inégration
Due to
Cutofl

Have

Cutolf

SN -+

Integroation

Step

Toioronce

o

No

Integ.
Within Set Required
Error Indicators

Subroutine PCCUT (Continued)

Required
Lander

Cleatance

Due 10
Staging

Reset Required
Indicotors

©

Reset Staging
Indicotors

[
|
|
[
i
|
|
|
|
|
1
{
|
[
i
|
Yes |
1 1
|
|
|
|
|
}
|
|
H
I
|
!
i
t
I
!
|
|
T

Exceeded
Number
Bounces

Print Mes<age
Number Bounces
Exceeded

Cutoff
Within
Tolerance

Print Cutofl
Quontity

Coll UPDATE

N SETUP
Colc. Print Call SETUP ;
i T
Loiebles =1 Subroutine PRINT i etz
i PriT? _"" Subioutine
m— Requested
Coll PRINT2 1 | For Requeste
—.,—/ Integration
e Routine
Print Cuiput l

Data

UPDAT

¥
Update Integ

Backup
integrotion
Routine

Resot Raquired
Indicators

1

Figure B-16 (continued)

Varioble
List
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APPENDIX B
CRUSHABLE TORUS IANDING LOADS AND MOTIONS PROGRAM

PROGRAM MAIN (INPUT»OUTPUT »TAPES=INPUT s TAPE6=0UTPUT) MAN

DIMENSTION XCF( 3) MAN ;8
DIMENSION TFC(3) MAN 130
DIMENSION NDATA(300) MAN 40
DIMENSION XPF({3)s XCD(3}s FS(3) MAN 50
DIMENSTON ANG(3s3)5s XLPF(3) MAN 60
DIMENSION XS(8)sIND(B) s XDD(T+6) sXD(T519)9X(7519) MAN 70
DIMENSION STORE(3)s GACC(3)s AA(343)s ASVI(3s4)y STUR(393)s NSAV(BIMAN 50
s DC(19) » TEMP(353) s SUMA(3) MAN 90

DIMENSION XVF(3)s TR(333)s TRL({3s3)y FF(LY)sDATA(200) MAN 100
COMMOA COMINT( 600) ' MAN 110
EGUIVALENCE { COMIMT( 1 )y 1 ) MAN 120
EQUIVALENCE ( COMINT( 2 )y HMAX ) MAN 130
EQUIVALENCE ( COMINT( 3 )s EMIN ) MAN 140
EQUIVALENCE { COMINT( 4 ) EMAX ) MAN 150
EQUIVALENCE { COMINT( 5 1}, HZ } MAN 160
EQUIVALENCE { COMINT( 6 )4 IP ) MAN 170
EQUIVALENCE ( CCMINT( 7 )» IVARH ) MAN 180
EQUIVALENCE ( COMINT( & ) IMTH ) MAN 190
FQUIVALENCE ( COMINT( 9 )s IPRNT ) MAN 200
EQUIVALENCE ( COMINT( 10 )s IFIN ) MAN 210
EQUIVALENCE ( COMINT( 11 ) IVAL ) MAN 220
EQUIVALENCE ( COMINT( 12 )s IPTOTL ) MAN 230
EQUIVALENCE ( COMINT( 13 )s IPTATL ) MAN 240
EQUIVALENCE ( COMINT(  14)s XS ) MAN 250
LQUIVALENCE ( COMINT( 23)s IND ) MAN 260
EQUIVALENCE { COMINT( 32 )s X ) MAN 270
CGUIVALENCE { COMINT(165 )s XD ) MAN 280
EQUIVALENCE ( CCMINT(298 ),y XDD ) MAN 290
EQUIVALENCE ( COMINT( 340)s TOTSV ) MAN 300
EGUIVALFENCE { COMINT(341)s PSIL ) MAN 310
FQUIVALENCE ( COMINT( 342)y TLSV ) MAN 320
EQUIVALENCE { COMINT( 344)s 2LS } MAN 330
EQUIVALENCE ( CUMINT( 34%), PHIL ) MAN 340
EQUIVALENCE ( COINT( 346)s THETAL ) MAN 350
LQUIVALENCE ( COMINT( 3471y HMIN } MAN 360
CQUIVALENCE ( COMINT( 348)y STROKE ) MAN 370
EQUIVALFNCE ( COMINT( 349)s SAFS ) MAN 380
CQUIVALFENCE ( COMINT( 349}y SPELST ) MAN 390
EQUIVALINCE (. COMINT( 356)s SSSAVE ) MAN 400
FQUIVALENCE ( CCMINT( 355)s SPSTTM ) MAN 410
FQUIVALENCE ( COMINT( 363)s SFSAVE ) MAN 420
LQUIVALENCE  COMINT( 363),s SAVSTZ ) MAN 430
EQUIVALENCE ({ COMINT( 370)s SVSAVE ) MAN 440
EQUIVALENCE ( COMINT( 370}y SAVSTL ) MAN 450
EQUIVALENCE ( COMINT( 377)s SKUDUP ) MAN 460
EQUIVALENCE ( COMINT( 3864)y CUTERR ) MAN 470
EQUIVALENCE ( CCMINT( 385)s JCUT ) MAN 480
END OF VARIAGLF ASSIONMENT NLEDED FUR PCCUT MAN 490
NOTICE X5 ARND IND ARE DIMENSIONIAL ARRAYS OF LENGTH 9 MAN 500

NOTICE ALL INTEGRATION AND TIME HISTORY VARIABLES MUST MAN 510

HAVE 7 COMMON LOCATICNS ALLOTLD MAN 520

FQUIVALENCE { COMINT( 386)s XF ) ' MAN 930
EQUIVALENCE ( COMINT( 387)s YF ) MAN 540
EQUIVALENCE ( COMINT( 388)s ZF ) MAN %50
EQUIVALENCE ( COMINT( 3691y Xw } MAN 560
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EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCL
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EGUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
ECQUIVALENCE
EQUIVALERCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQULIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGQUIVALENCE
EQUI VALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALENCE

S S o o s e e s e S S e e s e s e e e s e o e s e o e v e o o e v e e o o s s s = o~ e e o o o= e e e o~

COMINT{
COMINT(
COMINT (
COMINT (
COMINT(
COMINT (
COMINT (
COMINT (
COMINT (
COMINT(
COMINT(
COMINT (
COMINT(
COMINT (
COMINT (
COMINT (
COMINT(
COMINT (
COMINT (
COMINT(
COMINT (
COMINT(
COMINT(
COMINT(
COMINT(
COMINT(
COMINT(
COMINT (
COMINT(
COMINT (
COMINT (
COMINT (
COMINT (
COMINT (
COMINT (
COMINT(
COMINT (
COMINT (
COMINT (
COMINT(
COMINT (
COMINT (
COMINT (
COMINT(
COMINT (
COMINT(
COMINT (
COMINT (
COMINT (
COMINT(
COMINT(
COMINT (
COMINT(
COMINT (
COMINT(
COMINT(

3901}
391)
39210
393),
394)
395)
396),
397)
3981},
399),
400)
401}
4021)
403)
404)
409)
406)
407)
408)
409)
410)
411)
412)
4130y
4141},
415}y
416)
417)
418)
419
420)
4211}
422)s
423)
424) s
425)
426)
427
428)
429)
430)
431)
432)
4330
434)
435)
436)
437)
438)
439)
440)
441)
442)
443 ),
444,
445)

APPENDIX B

YW

2w
SCFWT
G2
XAG
YAG
ZAG
DENS
XWND
YWND
ZWND
ALPHA
GDOT
SDOT
BETA
ALT
RANGE
THETA
psl
PHI
XX1
Yyl
221
XN

YN

ZN
XMASST
THRST
XYl
X2l
Yz!
DELTA
XXID
YYI1D
2210
Xylpo
X21D
YZ1li-
XLS
YLS
XDLS
YOLS
Z0LS
X0O0LS
YLULS
20Dl S
XLURAV
YLGRAV
ZLGRAV
NTX
NTY
NTZ
MR X
NRY
NRZ

A
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MAN 570
MAN 580
MAN 590
MAN 600
MAN 610
MAN 620
MAN 630
MAN 640
MAN 650
MAN 660
MAN 670
MAN 680
MAN 690
MAN 700
MAN 710
MAN 720
MAN 730
MAN 740
MAN 750
MAN 760
MAN 770
MAN 780
MAN 790
MAN 800
MAN 810
MAN 620
MAN 830
MAN 840
MAN 850
MAN 860
MAN 870
MAN 880
MAN 890
MAN 900
MAN 910
MAN 9220
MAN Y30
MAN 940
MAN 950
MAN 960
MAN 970
MAN 980
MAN 990
MAN10QO
MAN10Q10
MAN1020
MAN1030
MAN10O40Q
MAN1050
MAN1060
MAN1OQ70
MAN1080
MAN1090
MAN1100
MAN1110
MAN1120



EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
LQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGQUIVALENCE
EQUIVALENCE
CQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
LQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCE
YQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
tQUIVALENCE
LQUIVALENCE
EQUIVALENCE
EQUIVALENCE
LQUIVALENCE
EQUIVALEMCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE

EQUIVALENCE .

EQUIVALFENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FQUIVALENCE

P = T = O e U e e e e e T e T T e T e T T T T T T T T i N N e T i T e T B i P N

COMINT( 446)s
COMINT( 447),
COMINT( 448),
COMINT( 469),
CCMINT( 450)»
COMINT({ 451),
COMINT( 452},
COMINT( 453),
COMINT( 454),
COMINT( 455),
COMINT( 455),
COMINT( 4561},
COMINT( 457)»
COMINT( 458)»
COMINT( 459),
COMINT( 460)
COMINT( 461),
COMINT( 4621},
COMINT( 463),
COMINT( 464),
COMINTL 4651,
COMINT( 466),
COMINT( 467),
COMINT( 468),
COMINT( 4691,
COMINT( 4700
COMINT( 471),
COMINT( 4T72)

APPENDIX B

OTmT AT

RHOL

RHOP

TOTGV

FONTT )
FORCE )
TORTN )
ARTSU )
PSTTM )
ANGLE )
ANGLEL )
ANGLEZ )
ANGLE3 )
ARMOM )
ELST )
ROIA }
AMU )
XKW )
DX )
DTHE )
ACLR ]
RNORM )
LDSTRY )

COMINT(473) s IERPRT)

COMINT( 474)
COMINT( 475),
COMINT{( 476),
COMINT( 477),
COMINT( 478),
COMINTL 479)
COMINTY( 4801)»
COMINT{ 481),
COMINT( 482),
COMINT( 483),
COMINT( 484),
COMINT( 485),
COMINT( 486)5
COMINT{ 487),
COMINT( 488),
COMINT( 489),
COMINT( 490),
COMINT( 4911},
COMINT( 492},
COMINT( 493),
COMINT( 494),
COMINT( 4951},
COMINT( 4961
CUMINT L 497),
COMINT( 4981,
COMINT( 499),
CONMINT( 5001),

RSXCF )
PELST )
SLOPE )
VoL )
R1 )
R2 )
R3 )
THETAT )
RS )
RL )
FAbWT )
PLY1 )
PLY2 )
PLY3 )
Af )
HYST )
Pl )
PA )
FRIRA )
DISTX )
DISTY )
PRESS )}
AFS )
SSAVE )
FSAVE )
VSAVE )
KODEUP )

MAN1130
MANL140
MAN1150
MANL1160
MAN1170
MAN1180
MAN1190
MAN1200
MAN1210
MAN1220
MAN1230
MAN1240
MAN1Z50
MAN1260
MANL1270
MANLZ280
MAN1290
MAN1300
MAN1310
MAN1320
MAN1330
MAN1340
MAN1350
MAN1360
MAN1370
MAN1380
MANL390
MAN1400
MAN1410
MAN1420
MANL1430
MAN1440
MAN1450
MAN1460
MAN1470
MAN1480
MAN1490
MAN1500
MAN1510
MAN1520
MAN1530
MAN1540
MAN1550
MAN1560
MAN1570
MAN1580
MAN1590
MAN1600
MAN1610

"MANLG20

MAN1630
MAN1640
MANLB50
MAN1660
MAN1670
MAN1680

181
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EQUIVALENCE ( COMINT( 501)s GASCNT )

EQUIVALENCE ( COMINT( 502)s IFLAT )

EQUIVALENCE ( COMINT( 503)s XVF )
DIMENSTIONED XVF(3)

EQUIVALENCE ( COMINT( 506)s TR )
DIMENS1ONED TR(353)

EQUIVALENCE ( COMINT( 515})s TRL )
DIMENSIONED TRL{343)

FQUIVALENCE ( COMINT( 524)s FF )
DIMENSIONED FF(19)

EQUIVALENCE ( COMINT( 543)y XPF )
DIMENSIONED XPF (3)

EQUIVALENCE ( COMINT( 546)s XCD )
DIMENSIONED XCD{3)

EQUIVALENCE ( COMINT( 549)s FS )
DIMENSION FS(3)
CEQUIVALENCE ( COMINT( 5521y G )
EQUIVALENCE ( COMINTI( 553}y XMACH )
EQUIVALENCE ( COMINT( 5541} SOUND )
EQUIVALENCE ( COMINT( 555)s FIFLAT )
EQUIVALENCE ( COMINT( 556)s MMIC )
EQUIVALENCE ( COMINT( 557)s SIGMA )
EQUIVALENCFE { COMINT( 558)s GAMA )
EQUIVALENCE ( COMINT( 559)s SAVSTE )
EQUIVALENCE ( COMINT( 594), POW )
EQUIVALENCE ( COMINT( 595)s RSHCR )
EQUIVALENCE ( COMINT( 560)s SAVSTA )
EQUIVALENCE ( COMINT( 561)s DEGRAD )
EQUIVALENCE ( COMINT( 562)s ANGLD1 )
EQUIVALENCE ( COMINT( 563)y ANGLDZ )
EQUIVALENCE ( COMINT( 564)s ANGLD3 )
EQUIVALENCE ( COMINT({ 565)s PLTMAS )
EQUIVALENCE ( COMINT( 566) s PLTRAD )
EQUIVALENCE ( COMINT( 567)s NMBNCS )
EQUIVALENCE ( COMINT( 568)s KOUNTZ2 )
EGUIVALFNCE ( COMINT( 569)s XLPF )
DIMENSIONED XLPF(3)

EQUIVALENCE ( COMINT( 572)s ANG )
DIMENSIONED ANG(393)

ZQUIVALENCE ( COMINT( 581)s VMIN )

CQUIVALENCE ( COMINT( 582)s GACLC )
DIMENSIONED GACC(3)

EQUIVALENCE ( COMINT( 5b5)s STREF )

EQUIVALENCE ( COMINT( 586)s TFC )
DIMENSIONED TFC(3)

EQUIVALENCE ( COMINT( 5891, RAV )

EQUIVALENCE ( COMINTU( 590)sFRICT )

EQUIVALENCE ( COMINT( 591)s XCF )
DIMENSIONED XCF(3)

DATA EOD 7/ 1O0HEOQD /

DATA DATA / 300%0.0 /

DATA (NDATA(1)s1=1490) / .

1 6HIP y 6HIVARH.» 6HIMTH , 6HEMAX

2 6HNTX EHNTY sy 6HNTZ » G6HNRX ’

6HNCUT v O6HIERPRT, 6H *
’

’
3 6HMMIC
4 6HT ’

6HT

6H

s 6H

6HEMIN
6HNKY
oH

6H

OHRMIN
6HNRZ
6H

6H

. e

MAN1690
MAN1700

MAN1710
MANL1T720
MAN1730
MAN1740
MANL1750
MAN1760
MAN1770
MAN1780
MAN1790
MAN1800
MAN1810O
MAN1820
MAN1E&30
MAN1B40
MANL1850

MANLE60

MANLG70
MAN1880
MAN1690
MAN1900
MAN1910
MAN1920
MAN1930
MAN1940Q
MAN1 950
MAN1960
MANLY9T70
MANL19YO0
MAN1990
MAN2000
MANZ010Q
MANZ2020
MAN2030
MAN2040
MAN20Q50
MAN2060
MANZ2070
MANZ2080
MAN2090
MAN2100
MANZ110
MANZ120
MANZ2130
MANZ2140
MANZ2150
MAN2160
MANZ2170
MANZ2180
MANZ2190
MANZ2200
MANZZ210
MAN2220
MANZ230
MAN2240
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6H

’
6H ’
6H [
6H ’
6H ’
6H ’
6H ’
GEHNMBNCS
6HXVF (2 )
BHTHETAD)
6H ’
6H ’
6HA ’
6HG ’
6HRDIA s
6H ’
CHPLY3

6HPLTIMAS,
PLUS

6H
6H
6H
6H
6H
6H
6H
6H
6HLF
oHPS 1
6H

- W W Y e W Y W w

6H ’
6H B ’
6HRHOL ’
6HDX ’
6HAMU ’
6HRL [y
6HPLTRAU

INITIALIZATION

NSTPyNLOCsZD192D2+2D39ZD4s2D552D0

5 6HTOTSV s 6HTOTSV » 6H ’
6 6HXD(919s 6HXD(s19y 6H )
7 6HTLSV s H6HTLSV » 6H ’
8 6HZLS s 6HZLS sy OH ’
9 6HPHIL + 6HPHIL » 6H ’
'$ 6HTHETALSs 6HTHETAL, 6H ’
$ G6HPSIL s 6HPSIL » 6H ’
$ 6HT s 6HHMAX y O6HKOUNTZ s
$ G6HXF y 6HXVF(1)s 6HYF '
$ 6HPHI y 6HPHIU 3 O6HTHETA
$ 6HRANGE o 6HSLOPE » 6H ’
DATA (NDATA(1)91=91,132}) /
1 6H s 6H y 6H ’
2 6H y 6HSTREF » 6HSCFWT
3 6HD s 6HE s 6HF s
4 6HPOW s 6MRSHCR ¢ 6HVMIN 'y
5 6HRNORM 4 6H s OHELST
6 6HFABWT s 6HPLY1 » 6HPLYZ
7 6HHYST y 6HPIL y O6HPA ’
C ALL DATA READ AND MANUPULATION
C INITIAL CONie HLRE
D0 10 1=1+8
10 NSAV(])1=0
KXPN=8
20 WRITE (651190}
DO 3V 1=1,600
34 COMINT(1)=0.0
NN=0
I1F (KXPN) 40470440
490 DO 60 1=1+KXPN
IF (NSAV(1)) 50560550
50 NN=NN+1
60 CONTINUE
76 NGO=0
DO 90 1=143
C LEAVE COLUMN ONE BLANK
READ (541200)
IF (EQCFs5) 80590
89 WRITE (&£+1210)
STOP
90 . _WRITE (€+1200)
100 READ (591220}
NLOC6=NLOC+5
WRITE (651230) (NDATA(I),1=NLOC,NLGCCO)
IF ({NLOC-13¢LFe0)eORa (NLUC=61+GT=0})} GO TO 120
WRITE (6412401
DO 110 [=1s8
IF (NLOC.EQeNSAV(I)) GO TO 120
110 CONTINUE
NN=NN+1
NSAVINN)=NLOC
120 WRITE (6+1250)

DATA(NLOC)=2ZD1

DATA(NLOC+11=2D2
DATA(NLOC+2)=20D3
DATA(NLOC+3)=4D4

NLOCs2D1s7ZD25203,7204,2D542D6

6H .
6H .
6H .
6H .
6H .
6H .
6H .
6H ,
6HXVF (3),
bHPSID
6H

6H

6HC
6HRHOP
6HDTHE
6HXKW
6HRS
6HOGASCNT

o e e w e w

AND DEFINED

MAN2250
MAN2260
MAN2270
MAN2280
MAN2290
MAN2300
MANZ310
MAN2320
MANZ2330
MANZ340

/MAN235p
MANZ2360
MAMZ2370
MAN2380
MANZ 390
MANZ400
MAN2410
MANZ4 20

/MANZ &30
MAN24 40
MAN<4 50
MANZ2460
MANZ470
MAN2480
MAN2490
MANZ500
MAN2510
MANZ2520
MAN2Y30
MAN2540
MANZS50
MANZ2560
MANZS 70
MANZS560
MANZ590
MANZ60Q0
MAN2610
MAN2620
MAN2630
MANZ6 4O
MAN2650
MANZ2660
MAN26T0
MANZ6B0
MANZL IO
MANZ2T700
MANZT10
MAN2720
MAN2730
MAN2740
MANZT50
MAN2760
MAN2 1770
MANZT80
MANZT790
MAN2B0O

183



184

30

D=0

140

150

APPENDIX B

DATA(NLOC+4)=2D5

DATA(NLOC+5)=2D6

IF (NSTP.EQs0) GO TO 100

NCUT=DATA(14)+q1

IF (NCUT«NE.O) GO TO 130

WRITE (651260)

STOP
INPUT CHANGE OF PRINT VARIABLLS

ANY VARIABLE IN COMMON CAN OE PRINTED dY CARD OPTION

READ (5+1270) VNAME s LCOMONSLPRINT '
COLUMN OME OF DATA CARDL 15 USED FOR SPACING CUNTROL

IF (VNAMLeEW.EQD) GG TO 140

WRITE (651280} LPRINTsLCOMGH s VNAME

CALL PRINT (VNAMEsLCOMONSLPRINT)

GO T0 130

WRITE (651290} VNAME

IP=DATA(1l)+e1

HMAX=DATA(68)

HMIN=DATA(6)

IF (HMIN«EQoQeQ) HMIN=HMAX¥2.%%(-16)

PEGRAD=57.2957795131

IPTATL=0

IPTOTL=0

INDACL=0

CUTERR=+0001

NCONST=1

INGBAC=0

ACLR=0.0

LDSTR1=0

I1ERPRT=DATA(15)

NMBNCS=DATA(70)

IF (NMBNCS.EQe0) NMBNCS=100

NMBNC=0

STREF=DATA{(98)

SCFWT=DATA(99)

A=DATA(100)

B=DATA(101)

C=DATA(102)

D=DATA(103)

L=DATA(104)

F=DATA(105)

G=DATA(106)

RHOL=DATA(107)}

RHOP=DATA(108)

IF (DATA(111)eNE.O) GO TO 150

WRITE (651300)

STOP

VMIN=DATA(111}

POW=DATA(109)

RSHCR=DATA( 110}

RDIA=DATA(112)

DX=DATA(113)

DTHE=DATA(11l4)

-IF (DTHE«LE«O«Q) DTHE=.02

RNORM=DATA(115)

ELST=DATA(117}

MANZ2B10O
MANZ2820
MANZ2B30
MAN2840
MANZ2850
MAN2B860
MAN28T0
MANZ880
MANZ2BYO
MAN2900
MAN2910
MANZ2920
MANZY30
MANZ940
MANZ2950
MAN2960
MAN2970
MAN2980
MANZ2990
MAN3000
MAN3010
MAN3020
MAN3030
MAN3040
MAN3050
MAN3060
MAN3070
MAN3080
MAN3090
MAN3100
MAN3110
MAN3120
MAN3130
MAN3140
MAN3150
MAN3160
MAN31170
MAN3180
MAN3190
MAN3200
MAN3210
MAN3220
MAN3230
MAN3240
MAN3250
MAN3260
MAN3270
MAN3280
MAN3290
MAN3300
MAN3310
MAN3320 -
MAN3330
MAN3340
MAN3350
MAN3360
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AMU=DATA(119]}
XKW=DATA(120)

INFLATABLE DATA ITEMS
FABWT=DATA(121)
PLY1=DATA(122)
PLY2=DATA(123)
PLY3=DATA(124)
RL=DATA(125)
RS=DATA(126)
HYST=DATA(127)
PI=DATA(128)
PA=DATA(129)
PLTMAS=DATA(130)
PLTRAD=DATA(131)
GASCNT=DATA(132)
IVARH=DATAlZ)+.1
IMTH=DATA(3)+.1
EMAX=DATA(4)
EMIN=DATA(5)

IF (EMAXeEQeOeQ) EMAX=1leE—4
IF (EMIN.EQe0eQ) EMIN=1eE-6
NTX=DATA{7)+.1
NTY=DATA{B8)+.1
NTZ=DATA(9)+.1
NRX=DATA({10)+.1
NRY=DATA(11)+.1l
NRZ=DATA(12)+e1
MMIC=DATA(13)+.1
T=DATAL6T)
KOUNTZ2=DATA(69)1+.1
KOUNT1=KOUNT2-1
XF=DATA(73)
XVF(1)=DATA(74)
YF=DATA(75)
XVF{2)=DATA(T6)
ZF=DATALTT)
XVF(3)=LATA(T8)
RANGE=DATA{85)

- SLOPE=DATA(86)

PHI=DATA(79)

PHIP=PHI

XD(1s4)=DATA(E0)

THETA=DATA(B1)

XD(1+5)=DATA(82)

PSI=DATA(83)

PSIP=PSI

XD(1s6)=DATA(64) ,

DEFINE CUTOFF VARIABLLS BY CALL TO LOC

THE FIRST £l16HT CUTOFF VARIABLrS ARt DEF INED BY INPUT
STROKE 1S USEL FUR STAGING AT TOUCH DOWN AND LIFT UFF

DO 250 J=158

IF (NSAV(J)) 16012505160

LOCA=INSAV(J)-13)/0 _

GO TO (1705180519052005210»22052305240)» LOCA

CALL LOC (1s6nT sDATA(L19) sDATA(20) )

GO TO 250
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CALL LOC (340+6HTOTSV »DATA(25)»DATA(26))
GO TO 250

CALL LOC (291s6HXD(19 »DATA(31),DATA(32))
GO TO 250

CALL LOC (342+6HTLSV »DATAL37)sDATA(38))
GO TO 250

CALL LOC (34426HZLS  »DATA(43),DATA(44))
GO 10 250 _
CALL LOC (186+6HPHID sDATA(49),DATA(50))
GO TO 250

CALL LOC (193y6HTHETADsDATA(55) sDATA(56) )
GO TO 250 _ _ R
CALL LOC (20096HPSID sDATA(61),DATA(62))
CONTINUE - _

CALL LOC (34836HSTROKE»04050)
LOCSTR=IPTATL

KXPN=I

IF 1v=1CONSTANT INTELRVAL INTLGRATIUN, IV=0 VARIGSLE

G2=16e137L=11%¥PLTMAS/ (-ZF+PLTRAD) *%2
CALL PKINT]

CALL PHYS

WTERTH=XMASST#32e 147
WTPLNT=XMASST*GZ

WRITE (6+1310) WTERTHsyWTPLNT

WRITE (6+1320)

MAN3930
MAN3940
MAN3950
MAN3960
MAN3970
MAN3980
MAN3990
MAN&0QOQO
MAN40O10
MAN4020
MAN4030
MAN40 40
MAN40 S0
MAN4060

. MAN4070

MAN40O80
MANGO9O
MAN4100
MAN4110
MAN4120
MANG130
MAN&L140
MAN4150
MAN&160
MAN&4170

WRITE (631330) XXIsXYIaXXIDsXYIDsYYIsXZ1aYYID9X2Z1Ds2Z1aY2Z14221UsYZMANGLBO

11D

CALL AERO

CALL ENVIR

X(1le4)=PHl/DEGRAD

X(1s5)=THETA/DEGRAD

X(196)=PS1/DLORAV

C5=C0S(X(1+6))

CT=COS(X(1s5))

CP=COS(X{1s4))

SP=SIN(X(1s4))

ST=SIN(X(1s5))

S5=SIN(X(1+6})

CSLP=COS {SLOPE/DEGRAD)

SSLP=SIN{SLOPE/DEGRAD)

IF (ABS(X(154)-145707963268)«0GEeleE~8) LO TO 260
CP-‘-’OoO

IF (ABSUX(1495)=1e5707963265)eGbaletb~8) GG TO 270
(T=0.0

IF (ABS{X(146)-1e5707963268)eGLe1lsE~8) GO TO 260
CS=0.0

CONTINUE

TR{191)=CS*CT

TR(25s11=CT%SS

TR(391)=~5T :

TR{L92)==5SS*(P+CS*STHSP

TR{242)=CS¥CP+SS¥*¥SP*S5T

TRU3+2)=CT*S5P

TR{193)=CS*kSTHCP+S5* 5P

TRU293)=5S%ST*(P-(S*SP

TR(3+3)=CT*CP
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TRLI1s1)1=TR(1s1)
TRL{1s2)=TR(1»2)
TRL(193)=TR{1s3)
TRLI2y1)=TR(291)*¥CSLP-TR(3y1)*5SLP
TRL(292)=TR(292)*¥CSLP-TR(3,2)*55LP
TRL(2+3)=TR(293)%¥CSLP-TR(3,3})*SS5LP
TRL(351)=TR(2+1)¥SSLP+TR{341)*CSLP
TRL(3+2)=TR(232)#SSLP+TR (3,2} %¥CSLP
TRL{393)=TR(2»3)%SSLP+TR{3+3)%(SLP
XLS=XF
YLS=YF*#CSLP-ZF#SSLP
2ZLS=YF*55LP+2F*CSLP
XOLS=XVF (1)
YOLS=XVF(2) ¥CSLP-XVF({3)®55LP
ZOLS=XVF (21 ®#SSLP+XVF(3)*(SLP
XLGRAV=0.
YLGRAV=—GZ#SSLP
ZLGRAV=GZ*¥CSLP
DO 300 1I=1+3
X(191)=U.
SUMAA=0.
DO 290 J=1+3
SUMAA=SUMAA+TR (Js 1 Y XXVF (J)
XD(1,y1)=SUMAA
X{1»7)=TR{(1,s1)}
X{1s8)=TR(2+1)
X(199)=TR(3s1)
X{1+10)=TR(1s2}
X{1911)=TR(2s2)
X(1912)=TR(3,2)
X(1s13)=TR{1s3)
X{1914)=TR(243)
X{1s15)=TR(3,+3)
X{1s16)=XF
X{1s17)=YF
X{(1s18)=2F
X11+19)=RANGE
IF (NTXeNESOJ XD(1.1)
IF (NTYeNEeC) XD(1,y2)
IF (NTZeNE&O) XD(1s3}
IF (NRXeNESD) XD(1s4)=0
IF (NRYeNESU) XD{199)=0
IF (NRZ«NEsQ) XDU(1+6)=0.0
ALT=-2F - S
XNUMbL=TRL(3+1)
IF (ABS{XNUMB)Y-1lea) 320,320,310
XNUMU=XNUMB/AES { XNUMB)
THETAL==-ASIN({XNUMB) ¥DEGRAD
IF (ABSU{TRL(2+1))+ABSITRL{L,1))I+ABS{SLOPE)«NELQ.D) S0 TO 330
PSIL=PSI
PHIL=PHI
G0 TO 340
PSIL=ATANZ2(TRL(251)»TRL(1s1))*DEGRAD
PHIL=ATANZ2(TRL{3+s2) s TRL(3+3))¥DEGRAD
TOTSV=SURT{XDLS**#24YDLS**24+7DL S*%2)

P TOTGV=5QRTIXVF (1) #¥2+XVF (2)#% 2+ XVF (3} % #2)

0
0
0

wnonn

0
0
0
0
0
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MAN4550
MAN4560
MANG 570
MAN4580
MAN4S9Q
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MAN4630
MAN46 40O
MAN4650
MAN&4660

MANG6T0 .

MANG6L 30
MANG690
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MAN4T710
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MAN4 740
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MANGTT0
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MAN&4 790
MAN480O
MANG81O
MAN&4820
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MAN4BG6O
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MAN4 890
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MANGY 20
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MAND 04O
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350
360

370
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390

4uQ

410

[aXakel

430

440
450

460

188
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CON1=TOTGV+1.E~10
GAMA=ASIN(~XVF (3} /CON1)*DEGRAD
IF (XVF(2)) 370+350+370
IF (XVF(1)) 3703605370
SIGMA=0.

GO TO 380

SIGMA=ATANZ (XVF(2)9XVF (1)) *DEGRAD
CALL SETUP

NN=6

DO 4C0 I=1s6

NN=NN+1 .

IF (DATA(NN)}) 4G0»3905400
IRLM=(1-1)%7

CALL INUPD (165+1RLM)
CALL INUPD (298+I1RLM)
CONTINUE

DO 410 1=7,19
IRLM=(1-1)%7

CALL INUPD (32+IRLM)

CALL INUPD (165+1RLM)
CONTINUE

PLACE TIME HISTORY VARIABLES IN INTLGRATION PARAMETER LIST
PURPOSE TO CONTRUL VARIABLUS WHEN INTEGRATION BACKS ULP

CALL INUPD (349)
CALL INUPD (356)
CALL INUPD (363)
CALL INUPD (370)

CALCULATE ALL HIGHEST DERIVATIVES FOR EACH EQUATION

DO 430 I=146

FF(11=040

G2=16e137E-11*PLTMAS/ (~ZF+PLTRAD) ¥%2

XAG=X(1+9)#G2 ‘

YAG=X(1912)%G2

ZAG=X(1915)1%#G4

CALL PHYS1

CALL AERO1

XN=FF{1)/(XMASST¥324147)

YN=FF(2)/(XMASS5T*324147)

ZN=FF(3)/7(XMASST*32.147)

XDD (191 )=FF({1)/XMASST+XD(1+2)*XD{146)=XD(1,3)%¥XD(1,5)+XAG
XDD(142)=FF{2)/XMASST-XD(131)*XD{1s6)+XD{143)*XD(1s4)+YAG
XDD(193)=FF(3)/XMASST+XD(1s1)1*¥XD(1s5)=XD(154)1%XD(1,2)+2AG
GO TO (4409490)» NCONST '

IF (MMIC) 46044505460

NCONST=2

GO TO 470

TEMP{1s1)=XXID

TEMP(192)=-XYID

TEMP(193)==-XZID

TEMP{241)=—-XYID

TEMP(2+2)=YYID

TEMP(2,3)==YZID

T TEMP(351)=-X2ID

TEMP(3+2)==YZID

MARNS050
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MAN5070
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MAN5100
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MANS140
MANS150
MAND160
MANS170
MANS180
MANS190
MANS200
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MANS 240
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MANSZ70
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530
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550

560

570

580
590
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TEMP(3+3)=221D

AALL»1)=XX]

AA(1s2)=-XYI

AA(193)==-X21

AA{2+1)==-XYI

AA(252)=YY]

AA(2+3)==Y2]

AA(351)==XZ1

AA(34+2)=-YZ1

AA(3+3)=221

DO 460 1=1,3

DO 480 J=1+3

ASVIIyJ)=AA(IsJ)

CALL SOLVE (ASV»STORSSUM13,50)
XDD( 14 )=ASVI1 1) RFF{4)+ASVI1s2)*¥FF(5)+ASV(L1s3)%FF(6)
XDD(1s5)=ASVI2s ) *FF (4)+ASV(2+2)*FF(S5)+ASV(23)#FF (6)
XDDU196)=ASVI3 s 1) XFF(4)+ASVI32)%¥FF (D)+ASVI3s3)%*FF (L)
IF (MMIC) 500554059500

DO 520 I=1,3

DO 510 J=1,3

SUMA(J)=0.

DO 510 K=1,3

SUMA (J)=SUMA(J)+ASVIJsKI*¥TEMP (K, 1)
DO 520 L=133

TEMP(LsI)=5UMA(L)

N=3

DO 530 [=1,3

N=N+1

DO 530 JU=1,3
XDD(1aN)=XDL(1sN)=TEMP({ 1 9J)*XD(19J+3)
DO 550 I=1s3

TEMP(Is1)=0

TEMP(1+2)==XD(146)
TEMP(153)=XD(1+5)
TEMP(251)=XD(1+6)
TEMP(2+3)==XD(1+4)
TEMP(341)==XCl1s5)
TEMP(3,2)=XD(1+4)

U0 570 I=1+3

DO 560 J=1,3

SUMA(J)=0e

DO 560 K=1s3
SUMA(J)=SUMA(J)+ASV(J9K)*TEMP(Kyl)
DO 570 L=1+3

TEMP (LI )=SUMA(L)

DO 590 1=1,3

DO 580 J=1+3

SUMA(J)=0,

DO 580 K=1»3
SUMA(J)=SUMA(JI*TEMP (T +K)*AALK s J)
DO 590 L=1s3

TeEMP (1 sL)=SUMA (L)

N=3

DO 600 1=1,3

N=N+1

DO 600 J=1+3

MAN5610
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710
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XDD(L1oN)}=XDODL1sNI-TEMP{1+J)%XD(1sJ+3)
DO 690 I=1+6

6O TO (6103620+63016401650+660)s 1

IF (NTXeEQ.0) 67049680

IF (NTY«EQ.Q) 670+680

IF (NTZ+.EUW.0) 6705680

IF (NRXeEG«O) 6705680

IF (NRYoLGe0D) 6704680

IF (NRZ+LQe0O) 6705680

IRLM=(I-1)%7

CALL INTLG (298+I1RLMy165+1RLM)

GO TO 690

XD(1+s1)=0e0

XDD(1ls1)=0.0

CONTINUE
XD(1s7)=XDUI1s6)%X(1510)=XD{1+5)%¥X{1,13)
XD{1s8)=XD(1s63¥X(1s11)-XU(1s5)%*X (1514}
XDU193)=XD(126)#X11912)-XD1195)%X11415)
XDU1510)=XDILs4)*¥X(1s13)-XD(1s6)1¥X(1s7)
XD(1s11)=XD(1s4)¥X(1s14)=XD(1961%X(1,+8)
XD(1s121=XD{Lls4)¥X(Ls15)1-XD(156)%X(1+3)
XD{1s13)=XD(195)%#X(1sT7)=XD(1+4)1%¥X (1,10}
XD{1s14)=XD(195)%¥X(1s8)-XD(1s4)¥X(1y11)
XD(15151=XD(1s5)1%X(149)-XD(1s4)%X(1,12)
DO 700 I=7,15

IRLM=(1-1)%7

CALL INTEG (165+IRLMy32+IRLHM)

CONTINUE

IF (IFIN) 74097105740

IF (IVAL) 740+720,720

DO 730 1=7515

N=1-6

DCIN)=X{1s1])

MAN6170
MANG6180
MANG6190
MAN6200
MAN6210-
MAN6220
MAN6230
MAN6240
MAN6250
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MANG638B0
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MARG470
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DELT1= DC(1)*DC(5)*DC(9)+DC(3)*UC(4)*DC(6)+DC(2)*DC(6)*DC(7)—DC(3)*WAN6500

1DC(5)%DC(T)-DCI2)*DC(4) *¥DC{9)-DC())*DC(6)*DC(8)
X(le7)ze5*(DCLL1)+{DC(5)*¥DC(9)=-DC(B)¥DC(6))/DELT])
X(198)=e5%(DCI2)+{DC(TI*¥DC(6)-DCI4Y*¥DT(F))/LELTL)
X{199)=eS5#(DC{3)+(DC(4)*LCIB)I-DLC(TI*DC(5))/0ElTl)
X(1910)=e5#(DC(GY+(DC{B8I*¥LC(3)~LC(2)¥OC(9))/bLLTL)
X{1s11)=e5H¥{DC(5)+(DCL 1) ¥DC(I)-DCLTI*DC(3))/DELT]1)
X{1el2)=eS®{UC(6)H(DC{TIHDCL2)~LCIBI*VCLILY)/LELTY)
X(1913)=e5¥(DC(T)H(DCL2)XDC(E)~-LC(HIHDC(3))/DELTY)
X{1e14)=e5%¥(DC(B8)+(DC(4)*¥DC(3)~DCLL)*VC(O))/VELTL)
X{1e15)=eH% (DC(QV+(CC(LIHDC(HI=-0C (4 Y *LC(2)1 ) /UELTL)
TRU1s1)=X(1s7)

TR(291)=X{1+8)

TR(391)=X(1+9)

TR(1+2)=X(1+10)

TR(292)=X(1511)

TR(3+2)=X{(1:12)

TR(1¢3)=X(1913)

TR{2:3)=X(1y14)

- TRU393)1=X(1»15)

TRLE1»1)=TR{191)
TRL(192)=TR(1s2)
TRL(1+3)=TR(1+3)
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TRL(2s1)=TR(2s 1) *¥CSLP-TR(3,41)%SS5LP
TRL(242)=TR{2+2)*¥CSLP~TR(342)%5S5LP
TRL{2s3)1=TR(2+3) ¥ S5LP-TR(3,31%SSLP
TRLI3s11=TR(2y 1} *SSLP+TRI{3,1)*CSLP
TRL(392)=TR(292)%SSLP+TIK(342)*C5LP
TRLI3+3)=TRI293)%SSLP+TR({3,53)*CSLP
D0 770 J=1y3

CONT1=0.0

CONT2=060

DO 760 1=1s3
CONTL=CONTLI+TR{LI s ) *TK( ] sJ)
CONT2=CONT2+TRL{{»JI*¥TRL(1yJ)

IF (ABS{TR(IsJ))eLEsle} GO TO 750
WRITE (6+1340) 1sJsTR(IsJ}

IF (ABS(TRLI(IsJ))elLCels) GO TO 760
WRITE (6491350) 1sJ,TRLI1,J)
CONTIKNUL

CONT1=SGRT{CONTY)
CONT2=SQRT(CONT2)

LO 770 K=143

TRIKsJ)I=TRIKyu)}/LUNTL
TRLU(KsJ)}=TRL{KsJ) /CUNT2Z

NX=15

DO 790 I1=1+3

NX=NX+1

XD{1+NX)=0e

DO 780 J=1+3
XDEYLsNXI=XDI1sRXI+TR(I 4 JYEXD(15J)
XVF{1)=XD(1sNX)
TOTGV=SQRT(XVF (L) ¥¥2+XVF (2) ¥%2+XVF (3)%%2)
XDLS=XVF (1)
YOLS=XVF (2) *CSLP-XVF(3)*¥SSLP
ZOLS=XVF(2)*¥SSLP+XVF (3) *CS5LP
TOTSV=SURT(XDLS®H2+YDLSHX2+ZDLS**2)
CON1=TOTSV+1let-10
ANG1=ASIN(-ZDLS/CON1)
XDU119)=TOTSV*CCS(ANG])

IF (INDBACSNESO) GO TO 810

DO 8C0 I=16+19

IRLM={I-1)%7

CALL INTEG (165+IRLM»32+IRLM)
CONTINUE

DO 820 1=1+3

GACCI{T)=0e

DO 820 J=14+3
GACC{II=GACLILI ) +XDDI1yJ)*TR{1,J)
XDOLS=0GACC(1) /
YODLS=0ACC({2)¥CSLP-GACC(3)*SSLP
ZDDLS=GACC(2)*SSLP+GACC(3)*(sLP
XNUMB=TR(3+1)

XNUMBL=TRL(341)

IF (ABSUIXNUMB)-1.) 840,8404+830
XNUMB=XNUMB/ABS ( XNUMB)
THETA==~ASIN(XNUMBG ) *OEGRAD

IF (ABS(XNUMBL)-1.) 860,860,850
XNUMBL =XNUMBL/ABS ( XNUMBL)
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THETAL==-ASIN(XNUMOL ) ¥DLOGRAD

IF (ABS(TR(2s1))+ABS{TR(131))«NEeQs0)
1CONT=PHIP/ T

PHI=90*ICONT

ICONT=PSIP/T70¢

PSI=90«% 1 CONT

IF (SLOPE«NELO<0O) GO TO 880
PSIL=PSI

PHIL=PHI

GO TO 890
PSI=ATAN2(TR(2+1)sTR(11))*DEGRAD
PHI=ATANZ2(TR(3+2)sTR(343))*DEGRAD
PSIL=ATANZ2(TRL(2+ 1) s TRL{Ls 1) I *¥DEGRAD
PHIL’ATANZ(TRL(302))TRL(3)3))*DEGRAD
CON1=TOTGV+1le.E~10

PS1P=PS1

PHIP=PHI

GAMA=ASIN{(-XVF (3)/CON1) *DEGRAD

IF (XVF(2)) 9209900+920

IF (XVF{1)) 92059102920

SIGMA=0.

GO TO 930
SIGMA=ATANZ(XVF(2) s XVF(1)}¥DEGRAD
ALT=~X(1,18)

RANGE=X(1s19)

XF=X(1+16)

YF=X(1+17)

ZF=X(1918)

XLS=XF

YLS=YF#CSLP-ZF*SSLP
ZLS=YF*SSLP+ZF#CSLP
TLSV=SQRT{XLS##*2+Y[ S#%2)

IF (INDBACSEQeQ) LO TU 940

RESET SAveD TIME (1STORY VARIABLES FOR STROKE

PSTTMy AND PELST
PELST=SPELST
PSTTM=SPSTTH
SAVSTB=SAVST2
SAVSTA=SAVST]
INDBAC=0
GO TO 420
IF (IFIN) 98099505980

IVAL oLTe 0 IMPLIES INTEGRATION BACKUP ON VARIABLE STEP

IF (IVAL)} 970+9605960 —
KOUNT 1=KOUNT1+1

INDACL=1

GO TO 980

INDBAC=1

CALL CQuT

IF (JCQUT.LT.0) GO TO 1170
IF (INDACL+EQe0) GO TO 1000
INDACL=0

IF (ACLR«GE«0+D) GO TO 990
WRITE (6+1360) ACLR

GO TO 20

CONTINUE

GO TO 870

MANT7290
MAN7300
MANT310
MANT320
MANT330
MANT340
MANT350
MANT7360
MANT370
MANT380
MANT390
MANT4Q0
MANT410
MANT420
MANT430
MANT44Q
MANT450
MANT460
MANT4T70
MANT480
MANT49Q
MANTS00
MANT510
MANT7520
MANTH30
MANTS 40
MANTS50
MANT560
MANTST0
MANT580
MANT590
MANT600
MANT610
MANT620
MANT630
MANT640
MANT6E50
MANT6060
MANTOTO
MANT669
MANT690
MANTT00
MANTT710
MANTT720
MANTT30
MANIT740
MANT7750
MANTT60
MANT7770
MANTT780
MAN7790
MANT7800
MANT7810
MANT820
MANT830
MANT840



1030

1040
1050
1060
1u70
1080
lugu
1095
1109
1116

1120
113¢

1140

laNaNa

150

1160

1170

APPENDIX B

1F (JCUTGT«0) GO TO 1020

1F (KOUNT1~KOUNTZ) 1180510101160

KOUNT1=0

INTEGRATED VALULS OF VARIABLES ARE READLY FOR

PRINTING — ACCELERATIONS ARE XLD(1sJ)s VELOCITIES ARe
XD{lsJ)e AND DISPLACEMENTS ARE X(1sJ)-J=1 TO MAX
NUMBER OF VARIABLES.

IF (JCUTEQsLOCSTR) GO TO 1140

DO 1030 1=1+3

XLPF(1}=0.0

DO 1030 J=143

XLPF{LI=XLPF (1) +TRL(I4J)EXPF(J])
ANG{1sJ)=ACOSCTRL{14sJ})*¥OEGRAD

CALL PRINT2

1F (NMBNCoEQeNMBNCS) GO TO 1120

IF (JCUT) 1170,118051040

LOCA=(NSAV(JCUT)I=131/6

GO TG (105051060+510705108051090+109591100»1110) LUCA
WRITE (6+1380) T :

GO TO 1130

WRITE (651390) X{1,19)

GO TO 1130

WRITE (651400) Xv(1,18)
GO TO 1130

WRITE (651410) XD(1lslb)
GO TO 1130

WRITE (691420) XL{1s17)
GO TU 1130

WRITE (651430) XU(1r4)

GO TO 1130 :

WRITE (651440) XL{1s5)

GO TO 1130

WRITE (691450) XD(116)

GG TC 1130

WRITE (691460) NMBNC

WRITE (691370)

GO T0 20

IF (IRDILOCSTR)eNLe0) GU TU 1150
TOUCH=-DOWN

INTEORATION CUTOFF UN STRUKE = 0y KESET INDICATUKS TU

CUT OFF INTEGRATION wWITH TORUS LIFT5-OFF
IND(LOCSTR)Y=1
XS(LOCSTR)=-3e*CUTLKR
GO TO 1160
LIFT-OFF

INTEGRATION CUTOFF ON STROGKE +0Ts 0s KESET INDICATORS TO

~ CuUT OFF INTEGRATION wITH TORUS TOUCH-DOWN
IND(LOCSTR)=0 '

NMBNC=NMBNC+]

XS(LOCSTR)=0,0

CALL SETUP

KOUNT1=KOUNT2-1

GO TO 420

KOUNT1 = -8200 (ARSITRARY CUNSTANT)s PREVENTO PRINTING UNTIL

CUTOFF
KOUNT1=-8200

MANT850
MANT7860
MANTBET0
MAN7880
MANT890
MANT7900
MANT910
MAN7920
MANT930
MAN7940
MANT950
MAN7960
MANT970
MANT980
MANTY90
MANB0OOO
MANU010
MANEO20
MANB0O30
MANB04O
MANBO SO0
MANBOD60O
MANEOT0
MANL0OBO
MAN8B0O90
MANB10O
MANL110
MANB120
MANB130
MANbB140Q
MANBE150
MANB160
MANB170
MAN0180
MANB190
MANBZ200
MANGZ210
MANB220
MANBZ230
MANO 240
MANGZ50
MANB260

MANBZ270 -

MANB280
MANB290
MANB 300
MANB310
MANE320
MANB330
MANB340
MAN8350
MANB360
MANG370
MAN0330
MANB390
MANB40OO

i
i
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194

l180

1190

1200

1210
1220
1230
1240
1250
1260

1270
1280

129¢C
1300
1310

1320

1330
1340

1350

1360
1370
1380
1399

" 1400

1410
1420

1430
1440
1459
1460

APPENDIX B

ACLR=040 MANB410°
INDBAC=1 MAN8420
GO TO 740 MANS430
CALL UPDAT MAN8440
INTEGRATION BACKUP REQUIRES A RETURN TO 2 FOR VARIABLE SETUP MANG450
IF (INDBAC.NE«0Q) GO TO 740 "MANB460
GO TO 420 MAN84TQ
MANB480
FORMAT (#1%, MANB490
¥ 44X% CRUSHABLE TORUS LOADS AND MOTIONS PROGRAWM* /MANB500
# 39X#MASTER AGREEMENTs CONTRACT NAS1-8137, TASK GROER NOs 1% /MANES510
# 38X*MCDONNELL DOUGLAS ASTRONAUTICS COMPANYs EASTERN DIVISION%/  MANB511
* //61X*INPUT DATA%// ) MANB512
FORMAT (55H . MAN8520
1) MANB530
FORMAT (% ¥,%¥NO MORE DATAs END OF JOb #) MANB540
FORMAT (1X»1132X51332X36E1065) MANB550
FORMAT (#0% s %DATA SUBSCRIPT*,2X6{4XA654X)) MAN8560
FORMAT (% %,20X¥XS(1)%,39XXIND(I)¥* ) MANB570
FORMAT (4X5s1558Xs6E1447) MANB580
FGRMAT (1HL+10Xs60HNO« GF CUT-OFF VALUES ERTERED AS ZERO-PROBLEM CMARD5YQ
1ANNOT PRUCEED) MANBE00
FORMAT (1XA1033XI5,1x15) MANB610
FORMAT (%0%, *PRXhT POSITION #*4l4y% WILL CONTAIN Thi VALUE FROM *, MANB620
¥ ®COMINT(#415,%) WITH THE LABEL %*,A10 ) MANB630
FORMAT(*O*,AIO,SX*END OF DATA LIST*) : MANB640
FORMAT (% #g¥—m——memmem ERROR———~———=—~ VMIN = DATA)Iill* = 0% ) MAN©650
FORMAT (#1#,%¥ VEHICLE WCIGHTy ON EARTH = #,El447s%, ON PLANET = ¥ MAN8660
1 3E14e7 ' )IMANBO61
FORMAT (#0%,16X*MCMENTS AND PRODUCTS CF INERTIA% /  MANB6T0
* XO% TXRXX I IBXEXY %, 12X¥XXIUX,y 12XEXYID*/ MAN8680
1 # K TXRYY I g 1BX¥XZIH, 12XHYYID*, 12X¥XZ2ID%/ MANDH90
1 % Hy TXHZLI% 3 13XEYZI%,12X¥2Z1D%, 12X*YZID% ) . MAN8BT21
FORMAT (%0% 34 (1XE14aT7)/% %34 (1XEL4eT)/% %34 (1XELGT)) MANB700
FORMAT (% ¥ g¥e————moe e ERRGR~——=—= == TR (#9512, %y %y1,%)= *,E2013MANBTL0
1>VECTOR TAKES UNIT VECTOR FORi*) MAN6T20
FORMAT (% # 3¥—~—mimmeee ERROR————————=— TRU{#*s12,%s%,12y%)= %,E2013MANGT30
1 s*®« VECTOR TAKES UNIT VECTOR FOR4#* )} MANBT40
FORMAT (//91Xs41IHCUT OFF 3 CLEARANCE LESS THAN ALLOWABLE BY ,F10.4) MANB750
FORMAT (1K1} MAN8760
FORMAT (//+1X3s16HCUT OFF O TIME=3F10e4s1XsThSECONDS) MANBT70
FORMAT (//,1X»28HCUT OFF ON TOTAL VEL RELATIVE TO SURF=,F10+¢451Xs6MANSTB0
LHFT/SEC) : . MANBT790
FORMAT (//31Xs25HCUT OFF ON SURFACE RANGE=,F10e4s1Xs2AFT) MANBB0OO
FORMAT (//51Xs35ACUT OFF ON PARALLEL TO SURFACE ViL=sF10+41Xs6RFTMANBS10
1/5€EC) MANBB20
FORMAT (//31Xs35HCUT OFF ON DISTANCE NORMAL TO SURFACE=sFl0e4s1Xs #MANGG30
12HFT) MANB840O
FORMAT (//51Xs28HCUT OFF ON LANDER ROLL RATE=,Fl0eks1Xs7HRAD/SEC) MANGE50Q
FORMAT (//951Xs29HCUT OFF ON LANCER PITCH RATE=4F10e%491Xs7HRAD/SEC)MANBSGO
FORMAT (//31X»2THCJIT OFF ON LANDER YAW RATE=,F1l0e45s1Xs7HRAD/SEC) . MANBBTO
FORMAT (//% CUTOFF ON NUMBER OF BOUNCESs NUMBER = #,15) MANB88O
END B MAN8890-



SUBROUTINE PCLUT

DIMENSION X(9) s XMN1(9)

DIMENSION XS(9)»

COMMON COMINT

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
CQUIVALENCE
EQUIVALENCE
EQUIVALENCE
LQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
“QUTVALENCE
EQUIVALENCE
EQUIVALENCE
EQuUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
ENTRY LOC

(

P P e e e e e e i

IPTATL=IPTATL+1

IF (IPTATL.LES9)

WRITE (6+870)

STOP

APPENDIX B

IND(9)Ys LAD(9)>
(600)
COMINTt 1 )s T
COMINT( 2 )s HMAX
CUiaINTH 3 )y EMIN
COMINT( 4 )y LMAX
COMINTH 5 )s HZ
COMINTL 6 )y 1P
COMINT( 7 }s IVARH
CUiriINTt 8 )y IMTH
COMINT( 9 Vs IPRNT
COMINT( 10 )y IFIN
COMINT( 11 )y IVAL
COMINT({ 12 )}y IPTOTL
COMINT( 13 ) IPTATL
COMINT( 14}y XS
COMINT( 23)s IND
COMINT( 347), HMIN
COMINT( 384}, CUTERK
COMINT( 385)s J

GLU TO 10

NAMBCD(IPTATL) =1Y
TAD(IPTATLY=IYD

XSCIPTATL)=CUTVAL
IND(IPTATL)=IDIRT

RETURN
ENTRY INUPD

IPTOTL=IPTOTL+1
IF (IPTOTL«LE«50) 00U TC 20
WRITE (64+880C)

STOP

LOCNAM(IPTOTLYI=1YD

RE TURN
ENTRY SETUP
1ERROR=0
ISTEP=1

1=0

IVAL=0

HZ=HMAXH#2 4 ¥* (~]P)

IPT2=2%*]P
1PT1=0
IPRNT=0
IFIN=0
INDRH=1
185=1
I8l=1
LALP=4
LIST=¢C
INUPD=0

IF (IMTH} 70530s70

(IYDs1YsCUIVALSIDIRT)

NAMBCO(9) s

e e e e e W s e Nar e e e e et e

LOCNANM(50)

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCY
pCT
PCT
PCY

PCTY

PCT
PCT
PCT

PCT
PCT
PCT
PCT
PCT

CPLT

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PLT
PCT
PCT
PCT
PLT
PCT
PLT
PCT
PCT
PCTY
PLT
PCT
PCT
PCY
PCT
PCTY
PCT
PCT
PCT
PCT

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480

490 .

500
510
520
530
540
550
560
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196

30

6u

L7170

90
100

130

140

150

160
170
180

190

200
210

220

182=1

JJ=7

i83=2
"TSCNT=0
IBETA=3

I GAM=-1

IF (IVARH) 40950540
IB4=1

I166=2

GO TO 60
184=2

1B6=1

137=1

GO TO 80
182=2

JJd=6
I183=1

IB87=2
HD2=HZ/2.
H=HDZ2
All111=HZ/24.
RKTME=T
RETURN
ENTRY INTEG
JIRL=1Y+JI-1

GO TO (90+1305140915C)
GG TO (16GC»110512051001)

APPENDIX B

[STEP

COMINT{JIRI)=COMINT (iY)+H¥COMINT(IYD)

RETURN

COMINT (JURL ) =COMINT(IY+ 1) +H*COMINT(IYD)

RETURN

COMINT(JJR1 ) =COMINT (IY+2)+H¥COMINT (IYD)

RETURN

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PLT
PCT
PCT
PCT
PCT
PCT
PCTY
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PLT
PCT
PCT
PCY
PCT
PCT
PCY

COMINT(JJRl):COMINT(IY+3)+H/6-*(COMINT(IYD+3)+2.*(COMINT(IXD+2)+COPCT

IMINTCIYD+Y) ) +COMINTLYD))

RETULRN
CONTINUE

PCT
PCT
PLY

COMINTUIY+5)=COMINT(IY)+ALL11%(55e%COMINT(1YD)=59«¥COMINT(IYD+1)+3PCT
17¢*COMINT(IYD+2) -9« ¥COMINT(IYD+31)) ’

RETURHM

" PCT

PCT

CNI=COMINT(IY+1)+ALLITL* (e *COMINT(IYD)+19«#COMINT (1YD+1)~5#COMINTPCT

1(1YD+2}+COMINT (IYD+3))
XM=A3S(COMINT(IY)-CN1)

CCMINT(IY)=CNL1+A2222% (COMINT(IY}-CN1)

IF (IR6-2) 17241604170

RETURHN

IF (TN1) 18G+200+180C

XM1=ABS(XM/CN1)

JF (XM=XM1) 200,200,190

XM=XM1

IF (XM-EMAX) 2205210+210
IF {(hZ«GT+HMIN) IVAL=-8300

IVAL=IVAL+1
RE TURN

IF (XM~EMIN} 240923C»230

PCT

570
580
590
600
610
620
030
640
650
660
670
680
090
700
710
120
130
740
150
160
170
780
790
800
810
620
830
840
550
860
670
680
890
900
910
920
930
940
950
960
970
980
990

PCT1000
PCT1010
PCT1020
PCT1030
PCT1040
PCT10%0
PCT1060
PCT1070
PCT1030
PCT1090
PCT1100
PCT1l10
PCT1120



230
240

250
260
270
280

290
300

310

320
330
340
350

360
370

380

390

410
420
430

440
450
460

APPENDIX B

IVAL=1VAL+1

RETURN

ENTRY UPDAT

IFIN=1

IF (IPRNT) 260+2501,260
IPT1=1PT2

IF (181-2) 2704+5004+270

IF (1ALP=1) 3902801390

I=1+1

IPT1=1IPT1-1

GO TO (360+300)s 182
IBFTA=IBRFTA-1

1ALP =4

ISTEP=1

H=H/2.

IFIN=0

I85=1

GO TO (330493101 183

DO 320 IMVER=1,IPTOTL
KMVER=LOCNAM( IMVER)

COMINT (KMVER+1)=COMINT { KMVER+3)
COMINT(KMVER+2)=COMINT (KMVER+4)
COMINT (KMVER+3)=COMINT (KMVER+5)
COMINT {KMVER+4) =COMINT (KMVER+5)
COMINT (KMVER)=COMINT (KMVER+6)
GO 1O 350 i .
DO 340 IMVER=1,IPTOTL
KMVER=I.LOCNAM{ IMVER)

COMINT (KMVER)=COMINT (KMVER+5)
COMINT (KMVER+1)=COMINT (KMVER+3)
IPRNT=IPT1

RETURN

IF (IBETA=1) 29043704290

IB1=2

185=3

IFIN=0 .

IF (IVARH) 380,310,380

I86=2

GO TO 310

IALP=TALP-1

1IF (IALP=1) 40054109400
ISTEP=1STEP+1

GO TO 420

185=2

IF (IALP-2) 43044405430

T=T+HD2

GO TO 450

H=HZ

GO TO (460+480)s IBY

DO 470 IMVER=1,4IPTOTL
KMVER=LOCNAM(IMVER)

COMINT (KMVER+5)=COMINT (KMVER+4)
COMINT (KMVER+4)=COMINT{KMVER+3)
COMINT {LKMVER+3)=COMINT (KMVER+2)
COMINT (KMVER+2)=COMINT (KMVER+1)
COMINT (KMVER+1)=COMINT (KMVER)

PCT1130
PCT1140
PCT115%0
PCT1160
PCT1170
PCT1180
PCT1190

PCT1200

PCT1210
PCT1220
PCT1230
PCT1240
PCT1250
PCT1260
PCT1270
PCT1280
PCT1290
PCT1300
PCT1310
PCT1320
PCT1330
PCT1340
PCT1350
PCT1360
PCT1370
PCT1380
PCT1390
PCT1400
PCT1410
PCT1420
PCT1430
PLT1440
PCT1450
PCT1460
PCT1470
PCT1480
PCT1490
PCT1500
PCT1510
PCTL520
PCT1530
PCT1540
PCT1550
PCT1560
PCT1570
PCT1580
PCT1590
PCT1600
PCT1610
PCT1620
PCT1630
PCT1640
PCT1650
PCT1660
PCT1670
PCT1680

197



APPENDIX B

470 COMINT (KMVER)=COMINT (KMVER+6 )

GO TO 350 heT1890
480 DO 490 IMVER=1,IPTOTL PCT1718
KMVER=LOCNAM({ IMVER) PCT1720
COMINT (KMVER+3)=COMINT (KMVER+2) PCT1730
COMINT (KMVER+2 ) =COMINT (KMVER+1) PCT1740
COMINT (KMVER+1}=COMINT (KMVER) PCT1750
490  COMINT (KMVER)=COMINT (KMVER+5) PCT1T60
500 1GAM=~I1GAM PCTLT80
IF (1GAM) 520,520,510 PCT1790
510 1B5=4 PCT1800
T=T+H PCT1810
GO TO (53095401 IB4 PCT1B840
530 IPT1=IPT1-1 PCT1650
IFIN=0 PCT1860
GO TO 570 PCT1870
540 IF (IVAL) 55015805550 PCT1BBO
550 ISCNT=0 PCT1890
IF (IVAL) 63016305560 PCT1900
560  INDRH=1 PCT1910
IPT1=1PT1-1 PCT1920
1=1+1 PCT1930
IFIN=0 PCT1940
570  1vAL=0 PCT1950
GO TO 350 PLT1960
580 IF (ISCNT-2) 59055905600 PCT1970
590  ISCNT=ISCNT+1 PLT1980
GO TO 560 PCT1990
600 IF (2#(IPT1/2)«EQ.IPT1) GO TO 560 PCT2000
IF (H=-HMAX) 61035605560 PCT2010
610 IPT1=1PT1/2 . PLT2020
ISCNT=0 PCT2030
1BETA=3 PCT2040
IALP=4 PCT2050
161=1 PCT2060
185=1 PLT2070
1sTCP=1 PCT2080
INDRH=0 PCT2090
IPT2=1PT2/2 PLTZ2100
RKTME=T PCT2110
HD2=r PCT2120
HZ=2+%H PLT2130
IFIN=0 PLT2140
620 1=0 PLT2150
A1111=HZ/24. PCT2160
GO TO 570 PCT2170
630 IF (IPT1) 56096405640 PCT2180
640  IBETA=3 PCT2190
1ALP=4 PCT2200
1STEP=1 pCT2210
181=1 PLT2220
185=1 PLT2230
IF (1-3) 65046704650 PCT2240
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650
660
670

680
690

700

710
120

730

140

750

750
170
780
790

8U0
810

820

8390
849

T=T-H
RKTME=T

IPT1=2%1PT1

DO 660 IMVER=1,IPTOTL
KMVER=LOCNAN( IMVER)

APPENSIX B

COMINT (KMVER)=COMINT(KMVER+1)

GO TO 690

T=RKTME
IPT1=2%(IPT1+3)

DO 680 IMVER=1,IPTOTL
KMVERBLOCNAM{ IMVER)

COMINT (KMVER)=COMINT (KMVER+4)

HZ=H/Co

IF (HZsLTeHMIN) HZ=HMIHN
HD2=HZ/2.

H=HDZ2

IPT2=2%1PT2

INDRH=-1

GO TO 620

ENTRY CUT

1F (IFIN) 7009710700
J=0

IERROR=1

RETURN

K=1 :
IF (KeLEIPTATL) GO TO 750
1F (K-1) 730,7005730
IK=K-1

DO 740 I=1,1K
KMVER=TAD(I)

XMN1 (I )=COMINT (KMVER)
CONTINUE

GO TO 700

KMVER=TAD(K)
X(K)=COMINT (KMVER)

XU=XS(K)+(ABS{XS{K} ) +1e ) #CUTERR
XL=XS(K)~(ABS{XS(K))+1. )} *CUTERRK

IF (INC(K)) 76097805760
IF (X{K)=XU} 7705790,790
IF (X(K)=XL) 820,820,810
IF (X{K)=XL) 790,790,800
K=K+1

IF (K=10) 720+730+730

IF (X(K)-XU) 810+820+820
J=K

IERROR=1

RETURN

T=T-HZ

HZ=(HZ#(XS(K)=XMN1(K) )/ (X(K)}~XMNL1(K))} /2

IF (INDRH) 840+830+840
HZ=HZ /2«

[=0

HD2=HZ/2.

H=HD2

1F {IERROR«NE.Q)}) GO TO 850
KMVER=TAD(K)

PCT2250
PCT2260
PCT2270
PCT2280
PCT2290
PCT2300
PL{T2310
PCT2320
PCT2330
PCT2340
PCT2350
PCT2360
PLTZ370
PCT2380
PCT2390
PCT2400
PCT2410
PCT2420
PCT2430
PCT2440

.PLT2450

PCT2460
PCT2470
PCT2480
PCT2490
PCT2500
PCT2510
PCT2520
PCT2530
PCT2540
PCT2550
PCT2560
PCT2570
PCT12580
PLT2590
PCT2600
PCT2610
PCT2620
PCT2630
PCT2640
PCT2650

PCT2660

PCT2670
PCT2680
PLTZ2690
PCT2700
PCT2710
PCT21720
PCT2730
PCT2740
PCT2750
PCT2760
PCT2770
PCT2780
PCT2790
PCT2800
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APPENDIX B

WRITE (6,890) NAMBCD(K)»COMINT (KMVER ) PCTZ810

STOP PCT2620

850  COMTINUE PCT2830
A1111=HZ/24. PCT2840
1SCNT=0 PCTZ850
1BETA=3 PCT2860
1ALP=4 PCT2870
1STEP=1 PCT2880

1B1=1 PCT2890

1B2=2 PCT2900

183=1 PLTZ910

1B5=1 PCT2920

187=2 PCT2930

JJ=6 PLT2940
1PT1=1000 PCT2950
IPT2=1000 PLT2960
IPRNT=1000 PLTZ970
RKTME=T PCT2980

DO 860 IMVER=1,I1PTOTL PCT2990
KMVER=LOCNAM({ IMVER) PCT3000

86C  COMINT (KMVER)=COMINT (KMVER+1 ) PCT3010
IFIN=1 PCT3020

J==1 PCT3030
JERROR=1 PCT 3040
RETURN PLT 3050

C : PLT 3060
B70  FORMAT (% %, %mmo—mmm e JOB TERMINATEDs MOKE THAN NINe CALLS TO LUCPLT3070
Jmmm e x ) PCT3080

880  FORMAT (¥ % ¥mommmm e JOB TERMINATEDs MOKE THAN FIFTY CALLS TO * PCT3090
1 s % INUPD——mmm e mm ¥ ) : PCT3100

890  FORMAT (18H CUTOFF PASSED BY »Abs3H = sEl4e7,27H ON THE INITIAL CAPCT3110
ILL TO CUT) ‘ PCT3120

END PCT3130-
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SUBROUTINE AERO
COMMON COMINT(600)

EQUIVALENCE ( COMINT(
EQUIVALENCE ( COMINT{
EQUIVALENCE ( CUMINTH(
LQUIVALENCE ( COMINT(
PROVIDE ALL DOATA HLRL
AFRODYNAMIC FURCES

RETURN
ENTRY AEROl

APPENDIX B

5521y Q )
5531y XMACH )
404)y BETA )
401)s ALPHA )

NELCLSSARY TO DEFINE
ACTING ON THE VEHICLE e

DEFINE AERO FORCES ON VEHICLE AT TIME=T

CALL ENVIRI

XMACH=0.
Q=0+
ALPHA=0."
BETA=0.
RETURN
END

AER
AER
AER
AER

- AER

AER
AER
ALR
AER
AER
AER
AER
ALR
AER
AER
ALK
AtK
ALR

10
20
30
40
50
60
70
80
90

100

110

120

130

140

150

160

170

130-
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202

AFPENDIX B

SUBROUTINE ENVIR

COMMON COUMINTU(

EQUIVALENCE
EQUIVALENCLE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(

o~

(

600}
COMINT( 554) s SOUND
COMINT( 3981 XWND
COMINTL 399), YWND
COMINT( 400)s ZWND
COMINT{ 38G)s XW
COMINT( 390)s YW
COMINT( 391)s ZW

o -

READ ENVIRONMENT DATA

RETURN
ENTRY ENVIRI

DEFINE GROUNU REFs ENVIRONMENT AT Tldc=T

XW=NORTH WIND

SOUND=0Q
XWND=0e
YWND=0.
ZWND=0.
XW=0e
YW=0.
ZW=Ce
RETURN
END

YW=EAST WINU ZwW=VERTICAL WINU

ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
ENV
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SUBROUTINE PRINT (VNsLCHLP)

DIMENSION TITLEG(72)y 15SUBCG(T72)y PNTLST(72)

COMMON COMINT( 600) )

EQUIVALENCE ( COMINT( 473), IERPRT )

EQUIVALENCE ( COMINT( 1)y T }

EQUIVALENCE ( COMINT( b)ls HZ }

CATA 1SUBCG /
428y 430y 433, 5579 455, 165y 298, 186
429y 431y 4344 558, 45645 172y 305, 193,
344y 4325 435 348y 590 179y 3129 200>
406y 591y 454, 413, 549, 543, 524, 527,
470y 592y 437y 414y 5509 SHb4s 529y 528
393y 593y 438s 415s 5649 545y 526y 529,

DATA TITLEG /

10H XLS sy lOW XvLS » lon XDLLS
10H FONTT s 10H XD s 1CH Xob
10H PHIDD » 10H ANG(lsl) » 10H ANG(1,2)
10H YLS y lOH YOULS sy 10H YubLS
10H TORTN , 10H YU s 1CH YOD
10H THETADD » 10H ANG(2+1) o 10H ANG(2,2)
10H LS y lod ZbLs s 10H ZDbbLs
1CH FRICT s 10H D s 10H 20D
10H PSIDD s 10H ANG(3,1) 4 10H ANG(3,42)
10H RANGE » 10H XCF(1) » 10MT VELGCITY
10H FS(1) y 10H XPF(1) sy 10h FF({1)
10H  TFI(1) s 10H  ANCLD sy 10H b LANK
1CH ACLR » 10H XCF(2) s 10H YLGRAV
10H FS(2) s 10K XPF(2) » 10ii FF(2)
10H TFC(2) sy 10H ANGLDZ 4 10H bLANK
10H Gz s 106 XCF(3) » 10b  ZLGRAV
10H  ANGLD3 4, loH  XPF(3) » 1o0n FF(3)
1CH  TFC(3) s 1Ol BLANK , 1CH BLANK

IF ((LPeLE«72) sANCoe {LP+40GT#0)) GC TO 10
WRITE (6,100) LP

STOP

TITLEG(LP)=VN

IF (LC.OGTe0) GO TO 20

WRITE (6+110) LC

STOP

I1SUBCGLLPY=LC

RETURN

ENTRY PRINT1

IFf (IERPRT«NE.O) GO TO 30
ICONTP=10

IPRINT=10

GO TO 40

ICONTP=6

IPRINT=6

RETURN

ENTRY PRINTZ2

CALL SECOND (TIMECP)

IF (IPRINTNL« JCONTP) GO TO 60
I1PRINT=0

WRITE (6+120)

WRITE (69130) (TITLLG(I)»I=1436)
IF (TERPRTLEQeC) GOU TO 50

FEEC N R R I I N R B

319,
326
333,
586
587
588,

H72s 575,
5739 576,
S5T4y 577,
562 600,
563y 600y
600y 600

10iMFLTe ANGLE

lor
10H

10HVER.

10H
10H
10H
10H
10H
lor
lort
10H
10H
1o
10OH
10H
1oH
10h

PHID
ANG(143)

THETAD
ANG(243)
STROKE
PSID
ANG(3,3)
XN
FF(4)
o LANK
YN
FF(Y)
BLANK
ZN
FF(6)
BLANK

v
y

]

ANGLE »

C IR I T T I R

578,
579
580
600
600>
600

PRT
PRT
PRT
PRTY
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
/PKT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PrRT
PRT
PRT
PRT
PRT
PRT
PRT
PkT
PKRT
PRT
PRrRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PKT
PRT
PRT

10
20
30
40
50
60

70.

80

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560

203
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WRITE (65130) (TITLEG(1)4+1=37+72) PRT

CONTINUE 4 PRT

WRITE (6y150) TIMECP,T»HZ PKT

DO 70 1=1,36 PRT

LKI=]SUBCG(1) PRT

PNTLST{1)=COMINT(LKI) PRT

WRITE (6+140) (PNTLSTII1,1=1+36) PKRT

IF (1ERPRT.EQeD) GU TU 90 PKRT

DO 80 1=37,72 PRT

LKI=ISUBCG(]) PRT

PNTLST(1)=COMINT(LKI) PRT

WRITE (6+140) (PNTLST(I)s1=374+72) PRT

CONTINUE PRT

IPRINT=IPRINT+1 PRT

RETURN PRT

PRT

FORMAT (% % ,¥~—————emee ERRUR==—— === LPRINT = %2 15,%, RANGL 1S ONPRT

*LY 1-72% ) PRT
FORMAT (% #y¥———m—cme—e ERROR===——— LCUAOIE = %5 15s%s RANGE oGTe PRT

*0 X ) PRT
FORMAT (#1%411X#LOCAL SURFACE COORDINATE SYSTEM*, PRT

¥12X1H# s OX¥LANDER COORDINATE SYSTEM*,10X1H* 6 X*VEAICLE ORTENTATION¥PRT
*) PRT
FORMAT (S(1XA10)91H%sAT0s3(1XAINY) s1H¥3A10,2(1XA10)) PRT

FORMAT (12(1XE1043)} PRT

FORMAT (¥0#s#CP TIME = ¥,5F10.39% T = #,E1043, PRT

1 % DT = ¥3,£1043) PRT
END PRT

570
580
590
600
610
620
630
040
650
660
670
680
690
700
710
720
130
140
150
151
160
770
771
780
790
800
801
810—-
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SUBROUTINE SOLVE (AsGySUMaN M)

DIMENSION A(3394)5G({393)9H(3,3)

THIS IS A SUBROUTINE FOK UETERMINING THL VALUE OF C IN THE
MATRIX EWUATION A*¥C=0G» THE VALUES OF A ANu G ARE PRUVIDED
AT THE TIME OF CALLING. N IS THE OKDER OF A (MUST ok
i SQUARE MATRIX)Y AND M IS THbt NUMBER OF COLUMNS IN
G{A AND G MUST HAVL SAME NUMBER OF RUWS)e THE VALUE
OF C IS STORECUL IM G LOCATION AT RETURNS IF THE INVERSE
OF A 1S REQUIREDy MAKE M NEGATIVE. IF ONLY TAE INVERSE
OF A IS REQUIREDIG MATRIX DOFES NOT EXIST)s ENTER M=0De
DETZRMINANT OF A IS STORED IN LOCATION SUM AT RETURN.
IF THE INVERSE OF A IS COMPUTEDs IT 1S STORED

IN LOCATION A AT RLTURKN TO THE CALLING PROUKAMS

IF 1T 1S DESIRED TG MAKE THIS A DOUA3LE PRECISION
SUZROUTINE,s ThE FULLOWING VARIABLES MUST be TYPED
DOUBLE PRECISION AsGsHs AND SUNe

WHEN PrROVIDING DIMINSIONKING INFOKMATIUN FUK

THE VARTABLE A +( A(L1s»J) )s THL VALUE OF J #UST

[LE ONE GREATER THAL Ts lties J=l4le

NGO=1

NET=1

[F (M) 10420950

M=-M

NST=2

NGO=2

DO 40 1=1sN

DO 40 J=1sN

HlisJd)=0e

IF (i=J) 40+30+40

H(TsJ)=10

CONTINUE

N1=N+1

N2=N-1

KPT=2

B3 300 IP=14NST

IF (M) 70560470

IP=2

G TU (BOKVO)s [P

NGP=M

6O TU 100

MSP=N

LU 530 JIP=1aN5P

¢O 130 I=1sN

GO TO (1104120, IP

A(TSNL)=0G(]1UP)

GO TO 130

AT 4N1)=ri(] 4 JP)

CONTINUL

VO 140 [=KPTsN1

Allsl)=A(Lly!1)/A(1s1)

CO 200 I=2,N

NN=1-1

LO 200 J=KPT4N]

HM=J-1

SUM=0a

IF (NM-=NN) 15041504160

SOL
SOL
S0L
S0L
SoL
SGOL
SOL
SoL
sSOoL
SOL
SOL
SOL
SOoL
SOL
S0L
SouL
SUL
S0L
S50L
S0L
S0L
SOL
SCL
SOoL
SOL
SUL
SuL
SuL
SuL
Sul
S0L
SuL
SOL
SUL
S0L
SOL
L0L
Sul
SuL
Sut
SuL
SOL
SOL
S0L
SUL
S0L
SOL
SOL
SuL
SulL
SuL
S0L
SoL
SUL
SUL
S0L

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
2b0
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560

205
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150

160
170
180

190
200

210

220
230
Z4¢C
250
260
270

230
£90

330
340

APPENDTX R

KK=NM

GO TO 170

KK=NN

DO 180 L=1sKK
SUM=SUM+A (L s+ J)#A(] L)
AlLsJ)=A(14J)~SUN

IF (J=1) 2002005190
AllyJ)=A(14J)/A(Ls1)
CONTINUE

GO TO (2104+220)s 1P
GINy»JP)=A(NINL)

GO 10 23¢
H{NyJP)=A(NsN1)

DO 290 I=1.N2

NI=N-1

GO TO (Z24C+250)s IP
GINl sJP)=A(NIINL)

GO TO 260

HINI s JP)=A(N]sN1)

DO 290 J=141

NJ=N1-J

GO TO {(270+4280)s 1P
GINTsJP)I=GUINI s UP)Y~A(NI 4 NJIXGINSHJIIP)
GO TC 29¢C .
HINT 9y JP)Y=rl(N1 s JP)—AINT s NJYX¥H(NJI s JP)
CONTINUE

KPT=N1

CONTINUE

SUM=1.

DO 310 I=1sN
SUM=SUM*A (] »1)

GO TO (340+320)s NOU
DO 330 I=1sN

bC 330 J=1sN
AllyJ)=H(14J)

RETURN

END

50L
SOL
SOL
SuL
SUL
SuUL
SOL
Sul
SUL
SoL
SOL
SOL
SOoL
Sub.
SOt
SUL
SuL
SOL
S0L
SUL
SUL
S0L
SOL
SOL
SOL
SOL
SOL
SOL
SuL
SuL
SuL
S0L
SuL
SuL
SulL
Sutb
SOL

570
580
590
600
610
620
630
640
650.
660
670
680
690
700
710
720
730
740
750
760
770
780
790
600
810
820
830
840
650
860
870
560
890
900
910
920
930~



SUBROUTINE PHYS
DIMENSTON XYZI(15)
JIMENSION 8X(/7419)

DIMENSION X07519) s XU(T315)s Xiiti(de0)
DIMENSTON XPF(3),

DIMENSTON XVF3)s TR

COMMON COUMINT(

Lo ivAaLeinCh
EQUIVALENCE
ECGUIVALENCE
EUWUIVALENCE
LEUIVALENCE
EQUIVALENCE
EQUIYVALENCE
LCUIVALENCE
LQUIVALERCE
e IVELENCE
EGUIVALENCE
LWy lVALERCE
LwU T VALLILCE
EGUTVALENCE
EQUIVALLNCE
LQUIVALERNCE
LU IVALERCE
LQUIVALENRCE
LOUIVALENRCE
EQUIVALENCE
EQUIVALFNCE
EGQUIVALENCE
FCUTVALENCE
LACIVALENCE
tyglvatkinGe
twul VAL ENCE
r QUITVALENCYE
EGUIVALERCE
EQUIVALLNCE
EQUIVALENCE
LOUTVALENCE
EAUIVALENCE
ECGUIVALENCE
EQUIVALENCE
LGUIVALENCE

WUl VALENCE

LaulvaLlbnCl
LwUIVALE NCE
CeUIVALENCE
cGQUIVALINCE
EQUIVALENCL
EQUIVALENCE
EQUIVALENCE
LQUIVALERNCE
EQUIVALENCE
tQUIVALENCE
ECGUIVALLACE
EOQUIVALENCE
eWUI VALENCE

(

P e e o e e s P s e S e e s o B o e o s o s rm o emu e e e s o o s e e e e o s o o o o o o o

600)
CombiiT(
COMINT(

X

(2)s PS03
393

32 )
loY )

COMINT (298 )

CUAINT
COMINTH
CUMINT(
CORINT L
CUMINT(
COMINTH(
CORENT L
(Ut T INT
CUeENT |
ClaIINT
CUmINT(
CUMINT(
CUmTHNT(
COMINNT |
COMINT L
CCMINT (
COMINT (
COMINT{
CudtIng t
COMINT(
COMIMNT
CUMINT (
CumINT(
CUMINT (
CumIRT(
CONMINT(
COMTHMT(
coliinTy
Cut T
COMINT(
CUrTINT AL
COMINTH(
CUMINT(
Cul INT{
Cunt INT L
CUriINT
CUMINTHL
COMINTL
COMINT I
COAINTH
CONMINT
COMINT(
CURINT L
CUMINT
COMINTHY
Cum INT

(344),
348)
G10),
411),
412)
G16)y
418)
4191
42G)
H422)
423)
424)
G250
Leb)s
021}y
G4 )y
4ad )y
447 )
443)
449)
450)
G451 )
452)
453)
G45%)
B0
Lo7),
4639)
460)
4651 )
462 )
IJ(JJ)’
4oh4)s
G465 )
406)
4670
4EE) s
469)
47cC)
L7741
543)
546)
B49)
S502)
506)
51lY)

APPENDIX B

TRL({ 39 3)

X

X

XL
ZLs
STKKOKE
xx1
Yyl
221
XIMASST
AY 1
all
P
XX1lu
YYiw
221D
XYliv
XZip
Yzt

A

T MmO

Rul
RHLP
FONTT
TORTN
AT
ANGLL
AttoL b1
ANGLE 2
ANGLZS
ARMOM
tLed
RitlA
Al
XKW

X
DTHE
ACLR
R&XCF
XPF
Xce

F5

XVF

TR

TRL

— e et i e e et e Mt e et M bt e e A e e e hr e e e e et Mt M o Mt N e e e e e e e S S e e e e e e e e

TrC(3)

FF(1Y)

PHY
PHY
PHY
PHY
PHY
Py
PHY
PHY
PHY
PhY

-PHY

PHY
Py
PHY
PHY
PHY
PHY
PAY
PHY

PHY.

PHY
PHY
PHY
PHY
Priy
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
BHY
PryY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
Py
PHY
PRY
PHY
PHY
PHY
PHY

10
20
30
40

[

60

70 .

o0

90
100
110
120
130
140
150
160
i70
140
140
<00
<16
220
230
40
289
260
270
280
290
300
510
320
330
340
350
360
370
380
390
400

%10

«/C
4 30
440
4590
460
479
480
490
500
510
520
530
540
550
260

207
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EQUIVALENCE ( COMINT( 524)s FF )
EQUIVALENCE | CCMINT({ 561)s LEGRAUL )
EQUIVALENCE ( COMINT( 562})s ANGLD1 )
EQUIVALENCE ( COMINT( 563)s ANGLDZ
EQUIVALENCE ( COMINT( 564)s ANGLD3 )
EQUIVALENCE { COMINT{ 58B&6)s TFC )
EQUIVALENCE ( COMINT( 590)s FRICT )

DO 10 I=1,15
XYZI(1)=0.0

CALL INERT (XYZI)
XXI=xyYzZ1(1)
YYI=XYZI1{2)
2Z1=XY21(3})
XY1I=XYZ1il4)
XZ1=xY21(5)
YZ1=XYZ1(6}
XXID=XYZ1(7})
YYID=XYZI1(8)
2Z210=XYZ1(9)
XYID=XYZI(10)
XZ1D=XYZI(11)
YZID=XYZ1(12)
RETURN

ENTRY PHYS1

AT=0e
¢ETA=TRLI3» 1)
ANGLL=ACUGS{ABS(TRL(341)))
ANGLD1=ANGLE*DEGRAD
ANGLE1=ACOS(EETA)

IF (ANGLLeLT4le5640ReANGLL.CTale58) 0O TC 20

STROKE=ZLS*12e+(0~CHD317)
GO TO 30
TN=ABS ( TAN(ANLLED )
FFFF=F*F

1)

STRUKESZLS# 12+ { (G+U~-C) BSTa(ANGLL

IF (STROKRE«LL+0o0) w0 TU 40

CALL LDSTR

IF (ACLReLT&0s0) RLTURN
IF (FONTTeLZelebtm14) GO TU
CALL FORM

IF (ARTSU«EQeQe) GU TU 40
GO0 TO 60

CONTINUE

FONTT=0e0

TORTN=0+0

FRICT=0-0

DO %0 1=1+3

FSUI)=0e0

XPF{1)=0.0

TFC(I1)=0.0

XCD(11=G.0

ARTSU=0D«0

ANGLE2=0.0

ANGLE3=0.0

ANGLD2=0+

40

PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PRy
PHY
PHY
Priy
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
PHY
Py
PHY

Y4 (EREHEERE 2 T Tin) 6%« DA CUS (ARGLE L Y

PHY
PriY
PHY
PHY
PHY
PHY
PHY
PHY

57¢
580
590
600
610
620
630
640
650
660
670
680
690
700
710
120
730
140
750
760
770
780
190
6500
610
820
830
649
650
b6Q
870
880
8690
Y0C
%10
920
v30
Y490
950
960
970
980
990

PHY1000
PAYiQlo0
PHY 1020
PrHY 1030
PHY X040
PHY1050
PHY 1060
PHY1070
PHY 1080
PHY 10930
PhY1100
PIHY1110
PHY1120



6U

ANGLD3=0.
CONTINUE
RETURN
END

APPENDIX B

PHY1130
PHY 1140
PHY1150
PHY1160-

209
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SUBROUTINE FORM
XD(7919)»
DIMENSION XYZI(3)sFRF(3)sFSS(3)

DIMENSION

DIMENSION A(3s4)sAFRF(393)sXPFD(3) +sXPFXI3)sFNT(3)sACELTN(3)

DIMENSION ACTN(3)
DIMENSION XVF(3)s TR(3s3)>
DIMENSION XPF({3)s XCD(3),

COMMON COMINT!

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

‘EQUIVALEMCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
eQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
tQUlIVALENCE
DO 10 1=1,3
XCD(1)=0e0
Xt I )=Oo
FS(I1)=0.
FF(I+3)=0.0
FF{1)=0.0

(

U T e T T T i )

600)
COMINT( 5 )
COMINT( 165)

COMINT(344)
COMINT( 410)
COMINT( 416)
COMINT( 436)
COMINT{ 437)
COMINT( 438)
COMINT( 439)
COMINT( 440)
COMINT( 441)
COMINT( 442)
COMINT( 443)
COMINT( &44)
CUMINT( 455)
CUMINT( 456)
COMINT( 457)
COMINT( 459)
COMINT( 460)
COMINT( 461)
COMINTL 462)
COMINT( 463)
COMINT( 466)
COMINT( 589)
COMINT(. 543)
CUMINT( 546)
COMINT( 549)
COMINT( 503)
COMINT L 506)
COMINT( 515)
COMINT( 524)
COMINT( 561)
COMINT( 562)
COMINT( 563)
COMINT( 564)

~COMINT( 581)

COMINT( 586)
COMINT( 590)
COMINT( 591)

CONT1=1570796~ANGLLE]

OMEG3=040
DO 20 J=1+3

APPENDIX B

XC(3)

TRL(393),

XCF(3)

FF(19)

FS{3)s TFCI(3)

H2Z

s XD

LS

» XYZI

s XMASST
y XLGRAV
s YLGRAV
s ZLGRAYV
» NTX

s NTY

s NTZ

s NRX

v HNRY

s NRZ

y FORTT

s TOKTN

s ARTSU

y ANGLE

}

)

y ANGLEL

s ANGLEZ
s ANGLL3
» ARMOM
s AMU

y KAV

y APF

y XCD

s FS

s AVF

» TR

s TRL

s FF

s DEORAD
y ANGLD1
s ANGLDZ
y ANOGLDZ
y VMIN

s TFC
'FRICT

s XCF

)

)

FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FKM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRM
FRi%
FRM
FRM
FRI4
FRM
F RN,
FRM
F K
FRM
FRM
FRM
FRM
FRM
FRM
FrM
FRM
FRM
FRit
FRM
FRM
FRM
FRM
FRM
Fixiq

FRH

10
20
30
40
50
60
70
80

100
110
120
130
1490
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
Y60
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80
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190

120

130

140
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OMLG3=TRL(39yJ) ®#XU (19 J+3}+UMEOG3

IF (ABS(OMeOL3)eulale=6) VU Tu 30

TF=0.0

GO TO 40

TF= FUNTT*AHU*KAV*(—UdLbi/nUS(UhEbj))/ld.
VMINL=VMIN

1F (ABSIUMED3) «GTaVMINL) GO TO 40
TF=TF/VMINI*ABS (OMLG3)

DO 5u I=21»3

TFCIL)=TF#TRL(3 1)

IF (ALS(TFCII})aUTaABSIXLIL,I+31%¥XYZLL1)/HLZ))

121(1)/HL%69

IF (ABSUTRLI3»2)1)14AL5(TKLI333))eGTeler~-10)
ANGLEZ=1e5707963468

GO Tu 70

ANGLLEZ=ATANZ(TRL{393)»TRL(3452))

“ITF (ARTSU«EUWL0o) RLTURN
XC(1)=(ARMOM/ARTSU) /124 *STGN( 14 9yCONTL)

IF (AUSTANCLE) sUTaleE~3) GO TO 80

R=0a0

GO 10O 9C
R=ADBS{-2LS/SIN(ANGLE 1Y =XC (1) /TAN(ANGLEY))
XC12)=R#CO5(ANGLL2)

XC(3)=R#STN(ANGLLZ2)
XCU(L)=X0(1 91 ) ~XU(1sG)%XCI2)+XD (195 )1%*XC(3)
KCU(2)=XU(192) + X0 (1261 ¥XCIL)-XL(196)*XC{3)
XCLL3)=XUI193)~=Xu(laH)¥XT{L)+XU((1s4)%XC(2)

Gu TU 60

FrM
Fiivi
F KM
FRM
FRM
FRIM
FRiM
FRM
FRi4
FRi%

TEC(I)==XD(1yI+3) *XYFKM

FkM
F g

©FRi

FRM

©FRM

FRM
FRE
FRM
FRM
FRM
FRM
FKkM
FRM
FiRiv
FKla
FRm

XPF(1)—(—LL‘*(Uo(MNbLL)’TuRTN/FDhTT*blN(ANuLL)/lZ-)*(blbh(1.,CuNT1FRM

1))

IF (ABS(ANSLE) «GTelaE~5) CO 70 100
XPF(21=000 co-
XPF(3)=040

GO TO 11¢

XPF{2)=(=ZLS*SIN(ANGLE) +TORTN/FONTT#COS(ANGLL /124 ) ¥COS(ANGLEZ).
XPF{3)2(-2LS% 5 IN{ANGLE Y +TURTIN/FONTT*#CUSTANGLE ) /124 ) XSINLANCLEC)
TXPFD(L)=X0(1s1)=XD(1,6)*¥XPF(2)+XU{15)%¥XPF(3)
XPFul2)=X0(192)+XD( 16 ¥XPF (1) -XD{1s4)*XPF(3)
XPFL(3)=XD{1e3)1=XUI1s5)¥XPF(1)+Xu(1yr4)¥XPF(2)

RSXCF=060

VO 120 1=1,-3

XCF(l)=0«

XPFX(1}=0.C

DO 120 J=1s3
XPEFXC1)=TRLITsJ)¥XPFOLJ)+XPFXIT)
XCEUL)=TRLUL» ) #XCCLIN+HALTEC])

IF ((ABS(XCF(1))e0LTeleb=3)eORe (ABSIXCF(2))auToleb~ 3)) GO TO 140

F503)==FONTT
FS{1)==XLOGRAV¥XMASST
FS{2)=~YLGRAVHXMASST
LO 130 1=152

I (ABSTFS(I) Y el s AMUXFUNTT) FS(T)=AMUXFUNTT*SIGN{LasFS(1))

GO TO 170

IF (ABS(XCF(1})euTeler=6) GO TU 150
ANVLE3=15707963268

1F (XCF(2)eGTs0s) ANGLE3=64,.,7123889804
GO TO 160 :

FRin
FI<N
FRM
FiRi

F R

F R
FRM
F R
Fii
FRM

F R

F i
Fod
FKM
FKM

570
560
5v0
600
olQ
620
630
640
650
6060
o770
660
690
700
710
120
730
740
750
160
770
780
790
800
810
820
630
840
650
8§50
870
880
690
900
410
920
930
Y940
950
960
9270
980
990

FRM1000
FrRML010

FR¥1020

FRM1030
FRML040
FRMLIO50
FRML060
FK11070
FRM1080
FRM1090
FRM110OCQ
FRMLI110
FRM1120

211



150
160

170

180

190

210

230
240

APPENDIX B

ANGLE3=ATAN2 (~XCF (2) y=XCF (1))
FS(3)==FONTT
FS(2)=AMU*FONTT#SIN(ANGLE3)
FS(1)=AMUXFONT T*#COS (ANGLE3)

DO 180 I=1s2

DO 180 J=2,3

IF (1.EQ.J) GO TO 180

K=6-1~J
A(KoK)=1a/XMASSTHXPF () #%2/XYZ1 (J)+XPF (J)*¥%2/XYZ1 (1)
AlT9J)=~XPF(I)¥XPF(J)/XYZI(K)
Alds1)=AL15J)

DO 190 I=1,3
FNT(1)=TRL(3s1)%(~FONTT)

DO 200 I=1s3

ACELTN(I)=040

DO 200 .13

ACELTN(1 ) =A(1sJ)¥FNT (J)+ACELTN(I)
DO 210 I=1,3

ACTN{I)=040

DO 210 J=1,3 ,
ACTN(I)=TRL (15 JY*¥ACELTN(J)+ACTN(T)
ACTN(3)=0e

DO 220 I=1+3

ACELTN(I)=0»

DO 220 J=1,3

ACELTN(Y)=TRL(Jy I )¥ACTN(JI+ACELTNI(I)

XPFX(3)=0.0

DO 240 I=1,3

FRE(I}=0e0

DO 230 J=1s2

FRELIDI=XPEX{JI¥TRL(JSI)+FRF (1)

AFRF (T 51)=~FRF (1) /HZ-ACELTN(I)

CALL SOLVE (AsAFRFsSUM»341)

DO 250 I=1,3

FSS(I}1=0.0

DO 250 J=153

FSS(L)}=TRL{TI»JI®AFRF(Jy1)4FSS(])

DO 260 1=1,2

IF (ABS({FS({I})eGToABS(FSS(I})) FS(I)=FS5(1)

IF (NTXsEQaQ) FFU1)=FS(L)*¥TRLI1s1}+FS{2)¥TRL(2,1)+FS{3)¥TRL(3,1)
IF (NTYeEQeO) FF(2)=FS(L)*TRL(1s2)+FS(2)*¥TRL(2s2)+FS(3)1*¥TRL(3:2)
IF (NTZoEQeQ) FF(3)=FS(1)*¥TRLUL1+3I+FSI2)*#TRL(2s3)+FS(3)IRTRL(3:3)
IF (NRXeEQeO) FF(&4)=~FF(2)#XPF(3)+FF(3)XXPF(2)+TFC(1)

IF (NRY<EQ.0) FF(5)=FF(1)1*XPF(3)—FF(3)*¥XPF(1)+TFC{2)

IF (NRZ.EQs0) FF{6)=-FF(1)¥XPF(2)+FF(2)*XPF{1)+TFC{3)
FRICT=SQRT(FS(1)#%2+FS(2)%%2)

ANGLD1=ANGLE1*DEGRAD

ANGLD2=ANGLEZ2*¥DEGRAD

ANGLD3=ANGLE3*DEGRAD

RETURN

END

FRM1130
FRM1140
FRM1150
FRM1160
FRML170
FRM1180
FRM1190
FRM1200
FRM1210
FRM1220
FRM1230
FRM1240
FRM1250
FRM1260
FRM1270
FRM1280
FRM1290

-FRM1300

FRM1310
FRM1320
FRM1330
FRM1340
FRM1350
FRM1360
FRM1370
FRM1380
FRM1390
FRM1400
FRM1410
FRM1420
FRM1430
FRM1440

- FRM1450

FRM1460
FRM1470
FRM1480Q

* FRM1490

FRM1500
FRML510
FRM1520
FrRML530
FRM15H40
FRM1550
FRM1560
FRM1570
FRM1580
FRM1590
FRM1600
FRML610
FRM1L620
FRM1630~
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APPENDIX B

SUBROUTINE INERT (XYZI)
CRUSHABLETORUSINERTIACALCULATION

DIMENSION W(Z0)1sX{20)sY(20)9Z120)sWX{20)sWY(20)yWZ{20)sWXX120),
IWYY(2G)sWZ22(20)sDIX(20)sDIY(20)sDIZ(20)sWXY{20)3AXZ(20)sWYZ2(20)

DIMENSION CRD(100)s XYZI(15)
COMMON COMINT( 600)

EQUIVALENCE ( CUMINT( 416)s XMASST

EQUIVALLENCL ( COMINT( 445)s A
EQUIVALENCE ( COMINT( 446)s B
LQUIVALENCE ( COMINT( 447)s C
EQUIVALENCE ( COMINT( 448)s D
EQUIVALENCE ( COMINT( 449)s £
EQUIVALENCE ( COMINT( 450)» F
EQUIVALENCE ( COMINT( 451)y G
EQUIVALENCE ( COMINT( 452)s RHOL
EQUIVALENCE ( COMINT( 453)s RHOP
DO 10 I=1»100

CRD(1)=0+0

DO 20 1=1»15

XYZI{1)=0.

CRD({5)=A

CRU(6)=8B

CRO(7)=C

CRO(8)=D

CRL(9)=E

CRD(10)=F

CRD(11)=G

CRD(12)=RHOL

CRD(13)=RHOP

LIMITER VOLUME AND WEIGHT
VA=L e I3 REXF*, (U~CHD+00424%] )
VB=4 693 %D¥%2% (G~C+0e576%U )}
VC=6e 28%UX (LD *¥{(O~C+04 5%D)
VO=4 e 93%AXBX{G+0 e 424%A)
VLE=6428%B2C*(G~045%C)
VL=(VA+VB+V(C~-VD-VLE)*2,0
WL=RHOL*VL/1728.0

PAYLOAD VOLUMLE AND WEIGHT
VPA=6428%G%%2%8
VPB=9BTH*AREXR(G+0e424%A)
VP=VPA+VPB
WP=RHOP¥VP/17428.0
CRD(50)=VA

CRD(51)=VB

CRD(52)=VvC(

CRDI(53)=VD

CRD(54)=VLE

CRL(55)=VPA

CRD(56)=VPB

DO 30 1=1y20

Wi{l)=0.0

X{I1)=0eV

Y(I)=0e0

Z(1)=0e0

WX({I1=040

wY{1)=0.0

INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
lisT
INT
INT
INT
InT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT

INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
IIVT
INT
INT
INT
INT
INT
INT
INT
INT
INT

10

20

30

40

50

60

70

80

90
120
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
279
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520

530

540
950
560

213
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APPENDIX B

WZ(1)=040 INT 570
WXX(1)=0.0 INT 5B0
WYY(1)=Ue0 INT 590
WZZ(1)=C.0 INT 600
DIX(11=0.0 INT 610
DIY(1)=0.0 InT 620
WXY(1)=0.0 INT 630
WXZ{1)=0.0 INT o40
WYZ(1)=0e0 INT 650
DIZ(1)=0.0 “INT 660
RHOLF=CRD(12)/1728. INT 670
RHOPF=CRD(13)/1728., INT 680
W(1)=RHOLF*CRD(50) %2, INT 690
2(1)=040 INT 700
DIZ(1)=({eT0T*((CRD{11)-CRD(71+CRD(8)++B28%CRD(10))*#*2+(CRD(11)~CRIRT 710

1D(7)I+CRD(B) ) %#2 ) %% 5 )% %2) %y (1) INT 720
X(1)=0.0 INT 730
DIX(1)=((o2B9% (3e%(({CRE(11)—CRD(T)+CRD(8)+eB28¥CRD(10) ) **2+(CRD(11INT 740

1)—CRD(7)+QRD(8))**?)+(.424*2.*CRD(9))**2)** 51%%2) %W (1) INT 750
Y{1)=x(1) INT 760
DIY(1)=DIX(1) INT 770
W(2)=RHOLF*CRD(51) - INT 780
Z(2)=CRD(9)=45T6*CRD(8) INT 790
DIZ(2)=(W(2)/be)*(4e¥(CRO(LL)- CRD(7)+.516*CRD(b))**z+3.*(o474*CRD(INT 8OO

18) ) ¥%2) INT 810
X(2)=040 INT 820
DFX(2)=(W(2)/8e)}¥ (4% {CROUL11I-CRD(T7)1+e5T6*¥CRO(B) ) *%2+5 % (o 4TH¥CRD( INT B30

18))%%2) ' INT 840
Y(2)=X(2) INT 850
DIY(2)=DIX(2) INT 860
W{3)=W(2) INT 870
2(3)=({-1e)1%Z(2) INT 880
D1Z2(3)=D1Z(2) INT 890
X{3)=0.0 INT 900
DIX(3)=DIX(2) INT Y10
Y(3)=X(3) INT 920
DIY(3)=DIXx{3) INT 930
W(4)=RHOLF#CRU(52) %2, INT 940
Z(4)=0.0 INT 950
DIZ(4)=(W(4)/2e)¥((CRUIL11)-CRD(TI4+CRD(8))*¥%2+(CRD(11)-CRD{7))**2) INT 960
X(4)=0e0 INT 970
DIX(4)=(W(&)/12e) % (3% { (CRD(11)—CRD(T7)+CRD(8))%**¥2+ (CRD(11}—~CRD(7))INT 980

1#¥%2)+ (2% (CRO(G)-CRD(8) ) ) *%2) INT 990
Y(4)=X(4) INT1000
DIY(4)=DIX(4) INT1010
W(5)=RHOLF*CRD(53)% (=2, ) INT1020
2(5)=0.0 INT1030
DIZ(S)={W(5)/2e)¥((eB848¥CRUIS)+CRO(LL) )HR24+CRD(LL)*%2) INT1040
X(5)=040 INT1050
DIXI5)=IW(5)/12e)%(3a%((eB848%CRO(S)I+CRD(11) I#%2+CRO(11I*%2)+(2.#CRINTL060

1D(6) ) #¥2) , INT1070
Y{(5)=X({5) INT1080
DIY(5)=DIX(5) INT1090
W(6)=RHOLF*CRD(54)%(~24) INT1100
Z(6)=040 INT1110
DIZ(6)=(W{6)/2)%(CRDI11)**2+(CRD(11)~CRD(7))%*2) INT1120



49

APPENDIX B

X{61=0e0 INT1130
DIX(6Y={W{6)/12¢)%(3e* (CROIL1I*¥*2+(CRU(11)-CRO(TI IH*2)+(20%#CRO(6)) INT1140
1%%2) INT1150
Y(6)=X(6) INT1160
DIY(6)=DIX{6) INT1170
W{71=RHOPF*CRD(55) INT1180
2(7)=0.0 . INT1190
DIZ(7)=(WIT)/2+)*CRD(11)%*%*2 INT1200
X{(71=0.0 INT2210
DIX{TY={W{T)/22)%(3s%CRD(L1)*%2+(2.%¥CRD(6))%%2) INT1220
Y(T71=X(7) INT1230
DIY(T)=DIX(T) INT1240
W(8)=RHOPF*CRD(56) INT1250
Z(81=0.0 INT1260
DIZ(BI=(LIZ(5)/W(5)1%w(E) INT1270
X(81=0+0 INT1280
DIX(B)=(DIX(5)/W(5)1%W(8) INT1290
Y{(81=x(8) INT1300
DIY(8)=DIX(8) INT1310
W{91=CRD(57) INT1320
X(9)=CRD(58) INT1330
Y{9)=CRD(59) INT1340
Z(91=CRD(60) INT1350
DIX(9)=CRD(61) INT1360
DIY(9)=CRD(62) INT1370
D1Z(9)=CRD(63) INT1380
W(10)=CRU(64) INT1390
X{10)=CRD(65) INT1400
Y{10)=CRU(66) INT1410
2110)=CRU(6T) INT1420
DIX(10)=CRD{68) INT1430
DIY110)=CRD(69) INT1440
D12(10)=CRD(70) INT1450
DO 40 J=1,19 INT1460
WXL =W %X (J) INT1470
WY (J)y=wlJ)*Y(J) INT1480
WZEJ)=WlJ)*Z(J) INT1490
WX(20)=WX120)+WX(J) INT1500
WY(20)=WY (20)+WY (J) INT1510
WZ{20)=WZ120)+W2(J) INT1520
WXX (I =WX ) #X{J) INT19230
WYY (J)=wY (J)*Y () INT1540
WZZUJI=W2Z(J)*Z(J) INT1550
WXY L) =WX (S *Y (J) INT1560
WXZ(JY=WX(JI1*2Z(J) INT1570
WYZ(J)Y=WY (JI*Z (J) INT1580
WXY (2C)=wXY (20)+WXY (J) INT1590
WXZ(20)=WXZ (20 )+WXZ(J) INT1600
WYZU20)=wYZ120)+wYZ(J) INT1610
WXX (201 =aXX (20)+wXX(J) INT1620
WYY (20)=wYY (20 +WYY(J) INT1630
WZZ(20)=wZZ120)+W22(N) INT1640
SDIX(201=LIX020)+01X(J) INT1650
DIY(20)=D1Y(20)+0IY(J) INT1660
DI1Z(20)=DIZ(20)+L1Z(J) INT1670
WI20)=W(2C)Y+w(J) INT1680

215



216

50

X(20)1=wWX1201/w(20)
Y(20)=WY(20)/w(20)
2(20)=WL(201/W{20)
WXB=W{20)¥%X{20)%¥%2
WYB=W(20)¥Y{(20)%*%2
WZB=W(20)1%2(20)%*%2

DIX(20)=0D1IX(20)+WYY(20) ~dYB+WLZ(20)~WLB
DIY(20)=DLIY(20)+WXX(20) =WwXB+WLZ(20)~WLY
DIZ(20)=DIZ(20)+AYY(20) ~AYB+WXX{20)~wXB

CRD(76)=W120)
CRD(T77)=X120)})
CRD(781)=Y(20)
CRD{79)=2(20)
CRD(80)=DIX(20)
CRD(81)=DIY(20)
CRD(82)=012(20)
CRD(E3)=WXY(20)
CRDU{8B4)=WXZ120)
CRD(85)=WYZ2(20)
XYZI(1}=Dl2(20)
XYZ1(2)=DlY(20)
XYz1(3)=b1IX(20)
XYZI(4)=WYZ(20)
XYZ1(5)=WXY (20}
XYZT{6)=WXZ(2C)
DO 50 1=1s6

APPENDIX' B

XYZI(I)=XYZI(1)/(32s174%]144.)

XMASST=W(20)/32+174
XYZ1(13)=2(20)/12.
XYZ1014)Y=Y{20)/12.
XYZI(15)=X(20)/12
RETURN

END

INT1690

INT1700
INT1710
InT1720
INT1730
INT1740
INTL750
INT1760
INT1770
INT1780
INT1790
INT1800
INT1810
INT1820
INT1830
INT1840
INT1850
INT1B60
INTL870
INT1880
INT1890
INT1900
INT1910
INT1920
INT1930
INT1940
INT1950
INT1960
INT1970
INT1980
INT1990
INT2000
INT2010-



SUBROUTINE LDSTR

COMMON COMINT(

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALLENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
LQUIVALENCE
EQUIVALENCE
EWUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
STTM=STROKE
BET=ANGLE

{

B e T = T S I T e T T T T . S Ry

600)

COMINT(
COMINT (
COMINT(
COMINT (
COMINT (
COMINT (
COMINT(
COMINT(
COMINT(
COMINT (
COMINT(
COMINT(
COMINT (
COMINT(
COMINT(
COMINT(
COMINT(
COMINT (
COMINT{
COMINT(
COMINT(
COMINT (
COMINT(
COMINT(
COMINT(
COMINT(
COMINT(
COMINT(
CUMINT(
COMINT(
COMINT (
COMINT (
COMINT (
COMINT(
COMINT(
COIMINT(
COMINT(
COMINT(

TANBET=TAN(BET)
COSBET=CUS(BET)
SINBET=SIN(BET)
IF (LDSTR14GT«0) GC TO 16

SAVSTA=040
AAAA=AXA
BBBB=B*8
CCCC=CxC
DODD=D*D
EEEC=E*E
FFEF=F*F
UGGG=G*G
PSTTM=040
PELST=ELST

APPENDIX B

10 )y
632),
348),
349),
356)
363),
370)
4551,
456)
457)
445)
446)
447),
448)
G49)
450)
451)
452)
453)
458)
459),
463),
464)
465)
4661}
467)
468)
469)
470)
4711
472
475)
559},
560)
585),
589),
594},
5951

IFIN
20Ls
STROKL
SPELST
SPSTTM
SAVST2
SAVSTL
FONTT
TORTN
ARTSU

CTMMmMOoONm>

RHOL
RHOP
PSTTM
ANGLE
ARMOM
ELST
RDIA
AMU
XKW

DX
DTHE
ACLR
RNURM
LDSTRI
PELST
SAVSTH
SAVSTA
STREF
RAV
POw
RSHCR

LOD
Loo
LoD
LoD
LOD
LOD
LOD
LOD
LOD
LoD
LOD
LOD
LoD
LOD
LoD
LOD
LoD
LOD
LOD
10D
LOD
LOD
LOD
LOD
LOD
LOD
LOD
LOD
LUD
Luv
Lub
LOD
LUD
LoD
LOD
LoD
LOD
Lob

LOD.

LOD
Lub
LOD
LOD
Lob
LOu
LOD
LOD
LOD
LOD
LOD
LUD
LOD
LOD
LOUD
LUL
LOD

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560

217
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20

30

40

50

6y

16

80

90

APPENDIX B

LDSTR1=1
CF1=SQRT(EEEE+FFFF*TANBET*TANBET)
YOI=CF1-STTM/COSBET+(D~()*TANBET
IF (BET«GTse01) GO TO 20
CLEAR=E-B-STTM

GO TO 40

IF (BETeLTele56) GO TO 30

1F (BETeGTs1458) GO TO 30
CLEAR=F+D~C-A-STTM ’

GO TO 40

LoD
LOD
LOD
LOD
LOD
LOD
LOD
LOD
LOD
LUD

CLEAR=(YOI*TANBET-TANBLET*SURT (BBBE+AAAAXTANOET*TANGLT ) ) /{SINBET*(1LOUD

" 1e+TANBET*TANGET))
ALCLLI=(1+-STREF)*(STTM+CLEAR)
ACLR=CLEAR-AMAX1(ALCL1,sRUIA)
1F {ACLR«LT+0s0) RLTURN
IF (IFIN.NE«OQ) GO TO S50
SPSTTM=PSTTM
SAVST2=SAVSTA
SPELST=PLLST
SAVST1=STTM
SAVSTB=SAVSTA
SAVSTA=STTM
IF (ABS(STTH-PSTTM)elbelet=6}) WU TO ©0
IF (STTM«GT«SAVSTB) GO TG 80

IF (PSTTM=STTM.GLE.PELST) GO TO 70
FONTT={1le~(PSTTM~-STTM) /PELST)*¥PFONTT
TORTN={1e=(PSTTM=STTM) /PELST)*PTORTN
PFONTT=FONTI i
PTORTN=TORTN
PELST=PELST-PSTTM+STTM
PSTTM=STTM

RETURN

FONTT=PFONTT

TORTN=PTORTN

RETURN

FONTT=0.0

TORTN=0+0

PTORTN=0.0

PFONTT=040

PSTTM=STTM

PELST=ELST

RETURN

FONTT=040

TORTN=0.0

ARTSU=0eC

ARMOM=0.0

I1=z060

SIGMA=XKW¥RHOL/ (STREF*144,)
THE=0.0

THE=THE+DTHE
COSTHE=COS(THE)

ARSU=0.0

FONT=040

X=040

X1=0e0

LOD
LOD
LOD
LOD
LOD
LGD
LOD
LOL
LOD
LoD
LUD
LGD
LOD
LuUD
LOD
LOD
LoD
LObL
LOD
LOO
LOD
LOv
LOD
LOD
LOD
LGD
LOD
LOD
LUD
LOD
LOD
LUD

570
80
590
600
610
620
630
640
650
660
670
680
690
700
710
7120
730
140
750
760
170
T80
190
8600
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
370
980
930

LOL1000O
LOUL1I0L10
LUul0d0
LOL1O30
LOL1040
LUL1050
LOD1060
LuDlo70
LOD1080O
LOD10%90
LODY100
LODl11l0
LLL1120



APPENDIX B

MOUNT=1 LODI130
PPSI=TANSET*CUSTHIL LOL1140
PH1I=ATAN(PPSI) LUD1150
SINPSI=SIN(P:]) LODL1160
COSPS1=COS(PS]) LOD1170
TANPSI=TAN(PSI) LOD1180
IF (BLT«GTele56) 60 TO 270 LGD1190

STTH=COSPSI*STTM/COSRETH+COSPSI¥SQURT(EEEL+FFFF*TANPSI¥ TANPS[)~COSPSLUD1260
1I*SURT(EEEE+FFFEXTANBE TH*TANBET ) +{L+D-C)*#LOSPSI*TANDET* (COGSTHE~1e) LOD1210

IF (STTHeLE«O+0) GO TO 330 LCD1220
IF (THE«GTW«3el4) GO TU 330 LOD1230
FOl=0.0 Luviz240
F02=0.0 LUD1250
TORKN=0.0 LOV1260
TOR2N=04+0 LOD1270
ARMOO=040 LODi280
ARS2=040 LOUD1290
ARMZ2=0.0 LGD1300
CF1=SQRT(EEEE+FFFr®*TANPSI¥*TANPSI ) LOD131¢
YOI=CF1-STTH/COSPSI+(D-C)*¥TANP ST LOD1320
YCI=YOl+(*TANFPS] LOD1330
LIC=2¢ O%¥LEEE®(D=C)/FFFF+2. ¥ YUl *¥TANPS] LOD1340
EIR=YCI#YOl-EEEE+ELEEEX (D-CI¥*2/FFFF LUDL350
EID=CF1*CF1/FFF/r LODL360
XOL=(EICH+SQRT(LIC*#2=4, 0% IL*LIR) )/ (20 0% ]V) LOD1370
YOL=YOIl-XOL*TANPSI ’ LODL380O
1F {THE«.GTLDTHE) GO Tu 100 LOUDL390
X1L=X0L LOD1400
100 IF (YCI=E+L+GTW00) GO TO 110 LOD1410
CONT1=G-C/2. LOD1420
FOZ=SIOMA*CX¥DTHE*CCNTI* (COSPST+RNORMXTANPSI*SINPST) LOD1430
TOR2N=FO2*CONT 1 *{CSPSI-FO2¥SINPSI*(YCI+YCI)/2. LOCl440
ARS2=C*CONT1#0THE/COSSET LOD145¢0
ARMZ=ARSZ2*¥ (YCI+YO1) /2. LOD1460
GO TO 1590 LOD1470
110 YOI=YOI~-(D-C1¥TANPSI Lov1480
IF (YGl«.GT.E) GO TO 230 Lovlavo
SXI=DDDD* (1« +TANPSI¥TANPSL L)~ (L-D-YOI+(D-C)¥TANPSI ) %% LOD1500
XIIC=(({E-D~YOI+(U~CI*TANPST ) *TANPST+S5UKT(SX1} )/ (1« +TANPSI*%2)~D+( LOD1510
YOIC=YOIl+X11CHTANPSI . LOD1520
IF (YOl.GT.YOIC) CO TO 120 LOD1530
CONT1=G-XIIC/2. LOD1540
FO2=STOGMAX¥XTIC*DTHEXCOMT 1* (COSPST+RNURMXTANPSTI*SINPST) LOD1550
TOR2N=FO2#CONT 1 #COSPSI-FOZ¥SINPSI*(YOI+XIIC*TANPST) LOD1560
ARS2=XTIC*CONT 1 ¥DTHE /COSBET LODLI570
ARM2=ARS2%¥(YOIC+YOl) /2.0 LOD1580
GO0 TO 150 LOD1590
120 IF (XI1C+G-C) 23051509130 LuUD1600
130 X=X+DX LODib1O0
IF (X«GEe«A) GO TO 330 LODl620
CF2=(3/A-A/B)¥*SQRT (AAAA-X*X) LOD1630
CF3=A%SQRT (AAAA-X¥X)/(B*X) LUDl640
X1=(CF1-STTH/COSPSI+(D-C)*TANPSI-CF2)/ (CF3+TANPS1) LOD1650
Y1=CF2+CF3%X1 LOD1660
IF (X1+XIIC) 1305150140 LOD1670
140 IF (XeLWe0.0) GO TO 150 LoDlo80
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CF3=zA#SQRT(AAAA-X¥X)/7{B*X)
CF31=1.0/CF3
PHI=ATAN(CF31)
SINISI=SIN(PHI-PSI)
COSIS1=COS(PHI-PST)
TANISI=TAN(PHI-PSI)
CONT1=G+(X1-X1IC)/2.

LOUD1690
LOD1700
LODL710
LOD1720
LOD1730
LUD1740
LODLT50

FO2=STGMA* (X1+X11C)#*CONT1%DTHE#COS1S1* (COSISI/COSPSI+SINISI*TANISILOD1760

1%¥RNORM/COSPST)

TORZ2N=FO2*CONT 1 #COSPSI~FO2*SINPSI*(YOIC+YL) /2.

ARS2=CONT1#(X1+XIIC)#DTHE/COSBET
ARM2=ARS2* (YOIC+Y1) /240

X=X+DX

1F {XeGE«A) GO TU 330
CF2=(B/A-A/B)*SART (AAAA-X*X)
Cr3=A%SQRT (AAAA-X®X) /[ B*X)

X1=(CF1-STTH/COSPSI+(u-C)I*TANPSI-CF2)/ (CF3+TANPST)

Y1=CF2+CF3%X1
CF3I=1.0/CF3
PHI=ATAN(CF31)
SINISI=SIN(PRI-PSI)
COSISTI=COS(PHI-PSTY
TANISI=TAN(PHI-PSI)
RAD1=(X1-X)/SIN(PHI)
AD2=G+X1

DPHI=(AAAA*A*R*DX)/((AAAA*(AAAA—X*X)+BBBB*X*X)*SQRT(AAAA“X*X))

DA=RAD2¥ {DX/COS{PHI)+RAD1*¥DPHI ) ¥*DTHE
IF (CASLTSAESIYL1*RALZEDTHE)) C¢G Tu 170
DA=040
DFEN=STOMA*¥DAX ( COSTST+RNORM*TANISI*S1INEST)
FOl1=FOl1+0FN
DAS=2.%DA/COSISI*COSPSI/COSBET
ARSU=ARSU+LCAS ’

ARMO=DAS*Y1

ARMOO=ARMOC+ARMO
DTN=DFN*RAD2*COSPSI-DFN*SIKPSI*Y]
TORKN=TORKN+DTN

IF (MOUNTWEG2) uGC TO 200

IF {YOL+GT4040) OO TO 190

IF ((X+1a01%#DX)olLTesA) GO TO 150

X=A

X1=F+D~C

PHI=1457

SINISI=SIN(PHI~-PSI)
COSISI=COS(PHI-PST)
TANISI=TAN{PIHI-PST)

DA=RAD2%Y1%DTHE
DEN=SIGMA*DA# ( COSIST+RNORM*TANISI*¥SINISL)
FO1=FO1+DFN
DAS=2.*DA/SINPSI*COSPSI /COSBET
ARSU=ARSU+DAS

ARMO=DAS*Y1/2.0

ARMOO=ARMQOQ+ARNMD
DTN=DFN*¥RAD2#COSPSI-DFN*SINPSI*Y]
TORKN=TORKN+DTN

IF {YOL<GE.D.0Q) GO TO 220

LODL170
LOD1780
LOD1790
LOD1800
LOD1B10
LGD1B20
LUD1B30
LOD184Q
LUD1B5Q
LOD1860
LOD1B70
LOC188Q
LOD1BYQ
LOD1900
LOD1910
LOD1920
LOD193G
LGD1940
LOD195Q
LOLLY6O
LUD1970
LODLYGO
LUD1990
LUD20Q0
LOD2010
LGD2020
LOD20G30
LOD2040
LUDZO50
LGD2060
LUUZ070
LOD20E0
LED2DSO
LOD2190
Lub2110
LOD2120
LOD2130
LODZ140
LOD2150
LODZ160
Lub2170
LOD2180
LODZ190
LOD22Q0
LODZ210
LODZ2220
LOD2230
LOD2240
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X=A-DX
CF2=(A/B-R/A)#SARTLAAAA-X¥X)
CF3==AXSART (AAAA-X%X)/ (B3%X)
X1=(CF1~STTH/COSPSTI+{O~CI*¥TANPSI-CF2)/ {CF3+TANPS])
Y1=CF2+CF3x#X1

CF31=140/CF3

PHI=ATAN(CF31)

PHI=PHI+3.1416
SINISI=SIN(PHI-PSI)
COSISI=COS(PHI-PSI)
TANIST=TAN(PHI-PST)
RADL1=(X1-X)/SIN(PHI}

RAD2=G+X1

DA=~RAD2*Y1%#DTHE

DFN=SIGMA®DA* (COSISI+RNORM*TAMISTI#SINIST)
FO1=FO1+DFN
DAS=2.*%DA/SINPSI*COSPSI/COSBET
ARZU=ARSU+DAS

ARYC=DAS¥Y])

ARMOO=ARMOO+ARMO
CTN=DFN¥RAN2%xCOSPSI-DFN*SINPSI*Y]
TORKN=TORKN4DTN

MOUNT=2

IF (XOL-X1) 220422Gs+215

IF ((X+1e01¥DXVelleA) GO TO 180
IF (XOL-X1) 220,223,150

IF (XOLeLF4X1) GO TO 220

X=X=IX

CFZ2=(A/B-R/A)%SQURT (AAAA-X%XX)
CF3=~A%XSURT [ AAAA—XXX)/(E%X)
X1=(CF1-STTH/COSPSI+(D-CI*TANPSI-CF2)/ (CF3+TANPSI)
Y1=CF2+CF3%X1

CF31=140/CF3

PHI=ATANICF31)

PHI=PHI+341416
SINISI=SIN(PHI-PST)
COSISI=COS(PHI-PSIT)
TANISI=TAN(PHRI-PS1)

GO TO 160

LGU2250
LOUDZ2260
LOoD2270
LuDZ2280
Lob2290
LuD2300
LOLZ310
LODZ2320
L0D2330
tuD234¢0
LODZ2350
LOD2360
LODZ2370
LOD2380
LOD2390
LOD2400
LOD2410
LObLZ2420
LOD2430
LODZ440
LOD2450
LOL2460
LOD2470
LOD2480
LOD2490
LOD2500
LOD2510
LOD2520
LGDZ530
Luudb40
LODZYL 50
LGD2560
LUD2570
LOD2580
LODZ2590
LODZ2600
LOD2610
LUDZ2620
LOD2630

ONFN=STGMA% (X1=-XOL)* (G+{X1+XGL)/2+C) ¥UTHEXCOSTISI*{CLL151/COSPSI+51L0LL640

INISI*TANISI*RNORIZ/CGSPST)

ARNSU= { X1~XOL) *RAD2¥CTHE* 7 e /COSBLT
ARNCO=ARNSU* (YOL+Y1) /240
ARMOO=ARKGO-ARNOU+2 o 0% AR 2
ARSU=ARSU~ARN3U+Z « 0¥ ARS2
FOL=FOL-UNFN
FONT=24%(FO1+F02) % CUSBET/COSPS]
TORNN=DNFN#RAD2*COSPSI-DNFN*Y 1 #SINPS [
TORKN=TORKN~-TORNI
TORKMN=240% ( TORKM+TOR2N) *COSTHL
TORTN=TORTN+TORKH

AR TSU=ARTSU+ARSU

-ARMOM=ARMOM+ARMOO

FONTT=FONTT+FONT

GO TO 90

EIC=2 ¢ ¥ELEE* (U~C) /FFFF+2. ¥YO1 * TANPSI

LOLZESO
LOD2660
LouZ26170
LOL20b60
LODZ2690
LOL2700
LOD2710
LOD2720
LoD2730
LOD2740

LOD2750

LoD2760
LOG2770
LoDZ2780
LOD2790
LUD«B0O
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EIR=YOI*YQOI-ECLEE+ELLE* (U-C) **2/FFFF
EI1D=CF1%CF1/FFFF
XIEC=(EIC-SQRT(EICK*#2-4 0¥EID*EIR) )/ (20%L V)
IF (X1~-XIEC) 26051505250

X11C=-XIEC

YIEC=YOI-XTEC*TANPS1

YOIC=YIEC

GO TO 140

X=X+DX

CF2={(B/A~A/B)*SQRT (AAAA-X¥X)
CF3=A#SQRT(AAAA-X%X)/(B¥*X)
X1=(CF1~-STTH/COSPSI+(D-C)*TANPSI=CF2)/ (CF3+TANPSI)
Y1=CF2+CF3%X1

GO TO 240

H=G+D+F~C

T=STROKE

DY=DX

STTH=H~(H-STTM) /COSTHE

IF (STTH-F) 2805290290
QY=FFFF—(F-H+(H-STTH) /COSTHE ) ¥*2

IF {QY+LTe0s0) GO TO 340
YIMAX=E/F ¥SQRT (QY)

GO TO 300

XH=(H-5TTH)/COSTHE

IF (XH~H+FaGLo0«0) GO TO 280

QY=DDDD~ (H-F=XH)**%2

IF (QYeLT«0.0) GO TO 340
Y1IMAX=E-D+SQRT (QY)

Y=0a.0

IF (THE+GT-DTHE) GO TO 310

YIL=Y1MAX

Y=Y+DY

X=A/BXxSQRT (BBBB~Y#*Y) _
Y1=((H-STTH) /COSTHE-G~X ) *AAAA* Y/ (BBBO*X) +Y
IF (Y1sGE.Y1MAX) GO TO 320

CF31=B%X/ [A¥SURT{AAAA-X*¥X))

PHI=ATAN(CF31)

CPHI=1+5708~PHI1

COSCPI=COS(CPHI)

DCPHI=BBUB*AAAAXAAAARDY / (X* (BBUB*BBBB*X*X+AAAAYAAAARY®Y) ) -

RAD1=(H-T)/COSTHE
RAD2=( (H~T)/COSTHE~-G-X} /COSCP]

Lobz2slo
LOLLB20

LODZB30
LODZ840
1L.OD2650
LOD2860
LOD2870
LOD2880
Lob2890
LOD2900
LODZY10
LOD2920
LuL2930
LODZ940
LOD2950
LODZ951
LODZ2960
LOD2970
LOD2980
LOD2990
LOD3000
LOD3010
LOD3020
LUL3030
LOD3040
LUD3050
LOD3060
LOD3070
LOD3080
LOD3090
LOD31090
LOD3110
LOD3120
LOD3130
LOD3140
LUD3150
LOD3160
LOD3L170
LOLA18O
LOUD3190
LOD3200
LOD321¢

DFN=S1GMA% (H-STTHI#DTHE* (DY+( (H=STTH) /COSTHE-G-X) #DCPHI ) #( 1 « +RNORMLOD3220

1 (TAN(CPHI)+TAN(THE) #%2/COS(CPHI)))
FONT=FONT+DFN*440

DAS=4 ¢ ¥RADI¥DTHE* (DY /COSCPI+RAD2#DCPH1 )/ (COGSCPI#COSTHE)

ARSU=ARSU+DAS

LOD3230
LOD3240
LOD3250
LOD3260

DNFP=SIGMA® {YIMAX~Y1)*{rd=T) *DTHE# (CGS(CPHI ) **#2+RNORM* (SIN(CPH1) ¥%2L0D3270

1+COS{CPHII*TAN(TRHE ) ¥%2))

ARSUP= (Y1IMAX-Y1)#* (H-STTH)*DTHE*6.0/CUSTHE
GO T0 310 .

THEM=ACOS(1e=5TTH/H)
FONTT=FONTT+FONT+DNFP

ARTSU=ART SU+ARSU+ARSUP

IF (THE-THEM) 9053304330

CONTINUE

LOD3280
LOD3290
LOD3300
LOD3310
LOD3320
LOD333¢
LOD3340
LOD3350
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FONTTM=FONTT

: LOD3360
FOFTTM=SIGMAX¥RSHCR*ARTSU LOD3370
IF (FONTTM+FOFTTM.EW.0Q.0) RETURN LOD3380
IF (({FONTTMeLT2040)}20Ra (FOFTTMeL T4a040) ) RETURN LOD3381
RFONTT=(FONTTM*FOF TTM) ¥ *¥POW/ (FOFTTM® *POW+ (FONTTM*AMU ) ¥¥PQW ) LOD3390
FONTT=RFONTT#*%(1+/POW) LOD3400
TORTN=FONTT*TORTN/FONTTM LOD3410
PFONTT=FUNTT LOD3420
PTORTN=TORTN LOL 3430
PCLST=ELST LOD3440
PSTTM=STTM LOD3450
FAC=1loe41le5¥%(3e14-THE) /3414 LUD3460
IF (BET«GTelu56) GO TO 350 LOD3470
IF (BET«GTee04) GO TO 360 LUD3480
RAV=G+XIL/2+0 LOD3490
GO TO 380 LOD3500
XCA=G+D-C+F=-5TTM LOD3510
R3=YIL/FAC LOD3520
GO T0 370 LOD3530

. XCA=—ARMOM/ (ARTSU*TANBET } +D=C~STTM/SINUBET+SURT (bbb +FFFF* TANBET*TALODS3540
INBET)/TANBET LOL 3550
R3=(XIL-XCA)/(FAL®COSDET) LOD3560
CONTINUE LOD3570
R4=SURT (GGGG+{ G+XCA) ¥ ¥ 224 #G* (L+XCA) *¥COSTHE) /FAC LODs580
RAV=(R3+R4) /240 LOL3590
CONTINUE LOD3600
IF (BET+LT.«001) TORTN=0.0 LOD3610
RETURN LOD3620
END LOD3630~
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C.1 INTRODUCTION

This program, which has been written for machine computaﬁion on the CDC
6,00/6600 Computer, provides the capability for establishing inflatable torus
configurations meeting specific design constfaints. Operation of this pro-
gram requires initial selection of a payload, bag material, desired velocity
capability, and desired load factor. The program then determines torus
dimensions, internal pressures, and bag thicknesses providing the required
capability and load factor for flat landing. Velocity capability, load
factor, and bag stresses for end landing are also determined, and if a bag
thickness increase is necessary, the program automatically reruns both flat
and end landing calculations with an updated bag thickness and weight, Nor-

mally the outer 120° segment of the bag is critical for end landing.

The program will also determine load factor and velocity capability for
any desired input unidirectional landing attitude (constant attitude strok-
ing). Flat landing has been found to be critical from both a velocity capa-
bility and load factor standpoint. The velocity capability increases and the
load factor decreases as landing attitude (BET) is increased from 0° (Fiat

Landing) to 90° (End Landing).

Dimensional variables used to represent the payload and attenuator are
shown in Figure C-1. The payload is a cylinder attached to the torus atten-
uator by a gimbal ring. Thickness of the torus attenuator is determined by
the program in integer number of plys at three locations around the circum-

ference. Properties of a single ply of the bag material as well as desired
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minimum number of plys at the three locations are input quantities. Any
elastomer used to seal the bag which is a function of the number of plys
should be included in the weight of one ply. Weight of any scuff protection

for the bag, which is a function only of surface area, is a separate input.

Deflected torus shape has been used as the analytical basis for calcula-
tion of footprint area, volume change, and torus stresses. -Pressure rise is
determined based on volume change, assuming a polytropic pfocess. A two
spring/mass -dynamic model is ﬁtilized for a flat landing, and a single spring/
" mass dynamic model is utilized for landings other than flat. The program
allows the user to select the desired minimum number of plys at three loca-
tions, and internally calculates the torus thickness reduired in integer

number of plys if minimum ply strength is exceeded.

An inflatable torus drop test program to determine the effects of land-
ing velocity, payload weight, and torus pressure on payload stroke and accel-
eration under simulated Mars atmospheric pressure was conducted by McDonnell
Douglas Astronautics Company Eastern Division under NASA Contract NAS 1-7977
for Langley Research Center., Test results for the drop test program, pre-
sented in Reference 2, substantiate the analytical models chosen for the

~Inflatable Torus Structural Design Computer Program.

Output data include: bag radius; torus radius; inflation pressure;
maximum pressure; payload weight; landing system weight; inflation system
weight; required number of plys at three locations; maximum running load at

three points on the bag; and maximum load factor and velocity capability for
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flat landing, end 1andiﬁg, and landing at input contact angle. Data output as
a function of stroke include: total force normal to the surface; internal

bag pressure; footprint area; and velocity capability.
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C.2 ANALYTICAL PROCEDURES

For oblique landings the footprint area is calculated by applying a semi-
empirical correction factor to the theoretical chordal area determined by the
intersection of a flat plane with a torus. The chordal area is calculated by
summing the area of D@ strips. The cylindrical coordinate system used in this
program utilizes X and Y axes which rotate with the integration angie 0 (see
Figure C-2). Pressure rise is determined based on volume change, assuming a
polytropic process. Normal force on the bag is calculated as the product of
footprint area and pressure, The résulting normal force/stroke relatiopship
is then employed in a single nonlinear spring/mass dynamic model used for the
oblique landing calculations, consistent with Reference 2. Flat_landing is a
special case since material is trapped on the inner'pértioﬁ of‘£hé torus
creating a different deflection pattern and smaller footprint area and conse-

quently a different analytical model (see Figure C-3). Deflected torus bag

‘shape has been used as the analytical basis for calculation of end landing

torus stresses (see Figure C-4).

Symbols, units, recommended range, and definition of required'input
parameters are given in Figure C~5. Output parameters are defined in Figure

C-6. Format for machine input is discussed in Section>C.h.M

Ma jor assumptions employed in the analytical model derivation are:
1. Deflected bag shape.

2. Linearization of flat landing load-stroke to an effective K for use
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CYLINDRICAL COORDINATE SYSTEM
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FLAT LANDING
ANALYTICAL MODEL

To.’rusq_
RS
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P )
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RRIC] \9
RDIA
l |
! XRS YRS I

XRS = 0.0053+0.6901 * (S/RS) ~0.525 * (S/RS)2
YRS = 0.0049 +2.409 * (S/RS) ~-1.171 * (S/RS)2
VOLR = 0.9983 +0.0485* (S/RS) +0.2399 * (S/RS)2
PF =PI *VOLR

— WL *|FLOADF Stress 2
6 Distributed 60°

1
—WL * FLOADF
Distributed
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Stress 3
From Test
Stress 1 e SMAX

RS ¢ Stress 1
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Figure C-3
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DEFLECTED TORUS SHAPE — END LANDING TORUS STRESSES

Torus @
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(RS-B) (1-Cos (GAMA)) ALCE
RD1 = .
2 Sin (GAMA) )

RD2 = (RS-B)/Sin (GAMA)

7(RS—-RD1) -RS -B
RD2

GAMA =

ALCE = 0.212 * RS +0.894 * RDIA
{Limit Velocity)

P* RS * (RP +RS * Cos¢) ¥ BFS
2

B RP

P * RD2 * (RP + ALCE/2 —-RD1) * BFS
o =
1

A RP

;= Maximum of 714 % 91

P * RD1 * (RP +ALCE -1.5* RD1) * BFS
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Figure C-4
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INFLATABLE TORUS STRUCTURAL DESIGN PROGRAM
INPUT PARAMETERS

RECOMMENDED
SYMBOL UNITS RANGE DEFINITION
A C In. - Payload Dimensions (See Figure 1)
B, D In. - Payload Gimbal Ring Dimensions (See Figure 1)
RHOP Lb/FR3 - Payload Density {Including Insulation and Gimbal
Ring)
VF Ft/Sec - Desired Limit Velocity Capability
FMAXLF | Earth ¢'s - Desired Maximum Limit Load Factor
RDIA In. 0.0 » 5.0 Rock Diameter '
RS1, RS2, { In. - 3 Different Assumed Values for Bag Radius Used
RS3 for Interpolation
FABWT Lb/Sq Ft - Bag Material Weight for One Ply
FABST Lb/tn. - Bag Material 5trengtl~ for One Ply
PLY1 - 1.0- 5.0 Desired Minimum Number of Plys Inner 120°
(Payload Attach)
PLY2 - 1.0- 5.0 Desired Minimum Number of Plys Upper and Lower
Center 60° . )
PLY3 - 1.0 5.0 Desired Minimum Number of Plys Outer 120°
BFS - 1.55 3.0 Bag Factor of Safety (Ultimate/Limit)
SCFWT Lb/Ft2 0.0 - 0.20 Weight of Scuff Protection (Uniform on Entire Bag)
PA Lb/In.2 - Ambient Pressure
BET Radians 0-+1.57 Angle Between Crush Plane and X Axis
Figure C-5
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INFLATABLE TORUS STRUCTURAL DESIGN PROGRAM
OUTPUT PARAMETERS

SYMBOL UNITS DEFINITION

RS In. Required Bag Radius

RL In. Required Radius from Torus Center to Bag Center

Pl PSI Required Inflation Pressure (Absolute)

PF PSI Limit Bog Pressure ot Limit Stroke (Absolute)
FLOADF Earth g's | Moximum Limit Load Factor af Limit Stroke

wp Lb Payload Weight ‘ '

WL Lb Weight of Landing System Including Gas, Excluding Bottle
WIS Lb Weight of Inflation System, Bottle and Gas

PLYIF - Required Number of Plys Inner 120° {Poyload Attach)
PLY2F - Required Number of Plys Upper and Lower Center 60°
PLY3F - Required Number of Plys Outer 120°

WL1T, WL2, Lb Landing System .Weight, Bag RS1, RS2, and RS3

WL3

WIS1, WIS2, | Lb Inflation System Weight, Bag RS1, RS2, and RS3
wis3

P11, Pi2, PSI Inflation Pressure, Bag RS1, RS2, and RS3 (Absolute)
PI3 ’

PF1, PF2. PSI Pressure of Maximum Limit Stroke, Bag RS1, RS2 and RS3 {Absolute)
PF3

FLOADI, Earth g's | Maximum Limit Load Factor, Bag RS1

FLOAD2, Earth g's | Maximum Limit Load Factor, Bag RS2
FLOAD3 Earth g's | Moximum Limit Load Factor, Bag RS3

S In. Stroke ‘

FORCE Lb Total Lpod Normal to Surface (Limit)

DIST In. Y Distance to Centroid of Footprint Area

P PSI Limit Bag Pressure at Stroke S (Absolute)

AF Sq In. Footprint Area

CLEAR In. Payload to Ground Clearance for Impact at Angle BET

ALCL In. Allowable Clearance Between Payload and Ground Allowing 11.8%
; Stroke Margin for Ultimate Velocity Capability (at Angle BET)

U ) In.-Lb Total Energy Absorbed for Landing at Angle BET

VELBT Ft. Sec Limit Velocity Copability for Landing at Angle BET

CLEARE In. Payload to Ground Cleorance for End Landing

UE In.-Lb Total Energy Absorbed for End Landing

VELE Ft Sec Limit Velocity Copability for End Landing

GAMA Radians Bag Angle with Local Horizontal at Payload Attach, End Landing

RD1 In. Outer Radivs ot Maximum Stroke Point, End Landing

RD2 ln. Radius ot Payload Attach Point, End Landing

ALCE In. Allowable Clearance Between Payload and Ground, End Landing,

Allowing 11.8% Stroke Margin

EGSTRI1 Lb/In. Maximum Running Load for End Landing, Inner 120°

EGSTR2 Lb/in. Maximum Running Load for End Landing, Upper and Lower Center 60°

EGSTR3 Lb/In. Maximum Running Load for End Landing, Outer 120°

Figure C-6
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in the two spring/mass model. (This assumption is not employed in
the non-flat calculations.)

3. Two spring/mass dynamic model for flat landings.

L. One spring/mass dynamic model for non-flat landings.

5. Stroke is provided for ultimate energy (1.25 times limit energy).
Limit stroke is equal to ultimate stroke divided by 1.118.

6. Insulation on payload is external to Dimension C (although included
in payload weight) and may be violated by a rock for ultimate energy
landihg, provided payload itself is not contacted.

7. ﬁag is designed for ultimate pressures (pressure at limit stroke
times bag factor of safety) and effect of ultiméte load factor (load
factor at limit stroke times bag factor of safety).

8. Bag thickness is comprised of an integer number of plys (at three
locations) and no less than the input minimum number of plys.

" 9, Rigid body payload.

10. Gimbal is included in payload weight.

11. Infinitely rigid surface - no protuberances or depressions other
than rock diameter.

12, Friction does not influence force normal to footprint area.

13. Bag material is inextensible.

The payload gimbal ring is defined by Dimensions B and D, with the resul-
tant volume being multiplied by payload density (RHOP) to establish gimbal
weight, which is considered as part of the payload weight in the program.

Payload insulation is assumed to be external to Dimension C (although
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insulation weight is included in payload weight) and may be violated by a rock
for an ultimate energy (1.25 £imes limit energy) landing, provided the payload
itself is not contacted. Limit stroke (maximum) for flat landing is:
SMAX = (RS - C/2 - RDIA)/1.118

RS = Bag Radius

C = Payload Height
RDIA = Rock Diameter
Insulation thickness would rénge between two to three inches using balsa wood.

Optimum payload shape depends on many factors, but generally has been found to

occur when A/C is between three and five.

The values selected for fabric weight (FABWT) and fabric strength (FABST)
depend on the torus size and manufacturing constraints on the number of plys.

A thin material (low FABWT and FABST) will result in a lower weight but may

require an excessive number of plys. Values used for FABWT for studies run to
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date vary between 0,017 lb/ft2 and 0.077 lb/ft2 with a corresponding range in
FABST of 100 1b/in. to 454 1b/in. respectively. FABST should include only
seam efficiency factors, since required factor of safety is input indepen-
dently (BFS). These values are consistent with HT-1 fabric (Nomex). Abrasion
and puncture protection and torus seal are obtained by uniformly coating the
torus with an elastomer (silicone rubber compound of the methylphenyl type).
Typical weight (SCFWT) is 0.132 1b/ft2. Bag factor of safety (PFS) is the

factor determining the required 1limit to ultimate strength relationship.
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The desired minimum number of plys at three locations is input for PLY 1

PLY 2, and PLY 3. The values chosen will depend on fabric selected, expected

surface features, manufacturing methods, and payload attachment method.

Ambient planet pressure at the surface (PA) is entered in pounds/square
inch. The value specified in Reference 1 for the mastér agreement of 5 mb is
equivalent to .0725 psi. 1If nitrogen gas is used to inflate the torus, a
value of 1,40 should be entered for the constant determining the polytropic

gas process (CK). The value of CK for most gases would range between 1.3 and

2

1.87. 1If it is desired to simulate an isothermal process for any gas, a value

of CK of 1.0 is entered.
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C.3 PROGRAM OPERATION

Input format for the structural design portion of the program is shown
in Figure C-7. Data may be located anywhere within the eight spaces indi-
cated for each parameter. Dimensions RS1, RS2, and RS3 may be any reasonable
estimate of requifed torus radius. Reference 2 maj'be used to establish these
estimates. The program interpdlates for final geometry based on solutions for
these values. Inpult data cards are placed behind the program as shown in

Section C.h.

The program calculates velocity capability and load factor for unidirec-
tional input angle BET, which may be any value between 0.0 and 1.57 radians.

This angle is maintained constant throughout, stroke for these calculations.

Sample output data are shown in Figure C-8. Refer to Figure C-6 or com--

ment cards in the program for nomenclature and units of output.

Program termination is automatic when all output data have been calculated
for all input data. The program goes to the input data cards for additi§nal
cases until it either finds none or exceeds a specified time limit. Typical
machine time for two cases is 35 seconds central processor and 20 seconds
peripheral processor. Core size required is 45 X (octal) for compilation of

the program.
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INFLATABLE TORUS STRUCTURAL DESIGN PROGRAM
EXAMPLE INPUT DATA
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INFIATABLE TORUS STRUCTURAL DESIGN PROGRAM

Example Output Data
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INFIATABLE TORUS STRUCTURAL DESIGN FROGRAM

(Continued)

Example Output Data
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INFLATABLE TORUS STRUCTURAL DESIGN PROGRAM

a.
g
+
29
5a
(o
+
=8
20
Mw S~

e'oul airi3a Legouuul =4y

2TL6  3lul3A ved9L6s  @4v
7 96 =lE73A [A4-TTPT- I ¥
8°T6 =iu73A lezglve =4y
L°88 ®1873A

6°S8 slul3a

YegZuve  =4v
beulucs =iy
-1°¢8

3l873A [SAPRIRLY agy

£°08 =igl3A

9 LL  3LWI3A Lo LEYLS L¥L]

6°%L BiMIIA - L925588 =4y

2°2L wliwi3A Lo12yke w4y

$°69 =lul3A LAd+4 1 2¢:} adv
¥°99 wmid873A I3 AT )

2 %9 -»uqml

§°19 =lu3A

TegvuLl  m4¥

leglose =4y
6°8S slBi3a boyvecEl =4y

£°98 w=lel3A

9'ES slbi3A

Yor001L  mgv
Yeo1L89  agv
U*16  =ld73a YeE9EY9 =gy
v°68y =lH73A

gy =lH3A

SecosEd wav

Yeogv19 ugV

AL B PR KT L09Lu85 LELN

¥°0y ®lgT3A *Tlevs s3v

E]
U8t =lu73A LooyvES LEL)

*°SE  alnI3A Lo99a0g LFL

9°2€ =1803n

2°0C =1H13A 6e2vcoy  amgy
9°L =lyI3A
0°52 = yI3A EoHSY9E myy

GegSelE  mgy

LegoLuy  wmyy

$°22 =lyzA

1°02 =Liu13A legled2 =g4v

6 L1 ®mimI3A

lesgyee =iV

Uepotug a3y

L7ST  sLI8I3A
9°ET  algi3A
5°11 =1873A

6sBEELT  mgv

Geplyyl agy

$°6  =lET3A €o9LIT ayv

Vs lcs8  myy

Yeoovly =4y

9€s"®
93s*
91
208"
1344
69v*
(8v*
€Lv*
399"
659°*
esv*
Svye

[ A4

v

gerr
-4 ]
glpe
Clve
609"
vy
00ve
Leg®
€sc*
06E*
98¢€°*
¥8E°
THE*
BLE®
L 7344
vLES
gLE*
TLE°
'R
65t"
g9t

96

=

=a

ud
ad
ad
=q
=d
ad
=g
=g
=g
LI
zd
=d
=d
J&
wd

L 1]

wd
=d
=g
=g
»g
-t
=d
=g
=g
®d

L]

beve12 =lSt0 549 a9y 343944 ve2 1R "
guleg2 =15%0 L6 v0GY =423404 w26l =S
101462 zi$10 1°2rEEY ERPL UK el il =5
tnlegz =1ST0 gLty =49404 [ R-93 =5
nelesg =1810 LeT.20% =33H0U4 Ze1€L =%
neuete #1819 5°2+0NE =19au4 1e11e =5
G6U'EE  miSIa w.ﬂﬂmpn = 49804 A9 69 =,
-oochmm wrmun (*v-/5E =Nt 4 HE L8 a~
v80eLE alS§10 LAHNEYE ERLDE] —Qr*g9
QLU*KE  3iSTNn L*230€EE .n_ouc‘ Sin®29 =3
9L (v =1810 9Ev (€ =ddud | Eve0g _ =S
95UsEY  aLSTQ 0*6vniE = 4IM0d 21l6°8s
6Ev 4y =Sty e.omwom, =3J804 08w °9g =5
tevrey  =isra 9°€laA2  A30¥ud _ 6euTys _BS
666°%Y  =iSTQ 1°a2R9l 2324504 Hlw"25 s
€L6%6  alSyQ LAY TL-T4 =30¥v3 98L°05

29628 21S10  9°67S¥Z  w3D80d _ SSiteY =S
Inbensg 21814 CARES 1vd =32404 €2L°9v =S
29ve95 =LS51d 8*0(ge2 n'40804 269°vy =5
cmtumm. I»www gtec212 =33804 V95°24 =S
Lodei)9 slS10 6*8n102 =30804 629%0% =%
1L9°29 =lS1d 103061 232804 L6G*QE =S

... B899 _miSta_ °Sip8l _ =zA0m0d _  999°9f =S

299*99  =alSiQ 9°L~691 240404 SEGvE =3
9IE*R9 alS10 2%0.851 =43804 gog*2e uy

(A21tul  =dSTI0 SUELiel  =408U4 2uet0E | wS
P10 VR 183 (] 6°299¢1 LERT-TF] URXAL T2 L
QUG EL =21S10 5*0Se27 =33H04 LIV A ] =y

_BT6syl  =iST0 4°(CTI1 w3344 L€7w2 @5
99954 alsia AR TS 2A240 4 9ec 22 =5
00L*9L =lS1Q 8°9918 =32804 *lcto2 =3
€lessl  =1810  9°8%uL =30804  €82°8l =S
11gseld =110 91509 =3IDH04 2s2*el LY
Y¥Seup  WLSTO €°8E1s -33104 [Z-+A 3 =y
916416 =iS1Q _ €eRi2y  =3Dw0d  emitel =S
11€+€8  wiS30 0°89+¢€ =43804 LS1(%0F =3

Figure C-8 (continued)
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C.4 PROGRAM DESCRIPTION

The flow chart shown in Figure C-9 shows major events in the structural
design program. Comment cards in the program additionally aid in identifying

ma jor events.

The listing for the Inflatable Torus Structural Design Program is pre-

gented on the following pages.
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APPENDIX C
INFLATABLE TORUS STRUCTURAL DESIGN PROGRAM

PROGRAM D1R (INPUT»OUTPUT s TAPES=INPUT» TAPEG6=UUTPUT)
DIMENSION ASAVE(IOO)QBSAVt(IOO)QCbAVE(IOO))DSAVh(100)'E5AVE(100)
1»SSAVE(100)
DIMENSION FSAVE(IOO)’GSAVE(100),HSAVE(IOO)QPSAVE‘IOO) RSAVE(100)
12QSAVE(1Q0Q)
10 READ (5533Q) A»8sCaDsRHOP,VFsFMAXLF,RDIA
READ (5+330) RS1»RS2,RS3,FABWT sFABSTsPLY1,PLY2,PLY3
READ (55330) BFS»SCFWTHsBETPA»CK
WRITE (61+320)

PRESSURE

A

B

C

D
RHOP
VF

RUIA
RS1
RS2
RS§3
FABWT
FAbST
PLY1

PLYZ

PLY3
BFS
SCFuT
PA
BET
CK

RS
RL
Pl
PF

FLOADF
wp
wL

wis
PLY1F
PLY2F
PLY3F
STRES]
STRES2

STRES3
wLl

[a¥a¥a¥a¥aRaXa¥aXakaXa¥alaNaNakakaXaXaXaRaXakaXa¥aXaNakaNa¥aXaXaXalakaXaRaXa¥akaKaXatalaRa¥aXal

PROGRAM DETERMINES REWUIRED TORUS BAG RADIUS AND INFATION

FOR A DISIRED VELOCTIY CAPAoiLITY AND MAXIMUM

LOAL FACTOR
INPUT PARAMETERS

PAYLOAD DIAMETER (INs)

PAYLOAU GIMBUOL HALF-HEIGHT (INe)

PAYLOAD HEIGHT (INe)}

PAYLOAD GIMBOL WIDTH (IN«)

PAYLOAD DENSITY (POUNDS/CUBIC FOOT)

DESIRED VELOCITY CAPABILITY (LIMIT) IN FEET/SECOND

FMAXLF DESIRED MAXIMUM LOAD FACTOR (LIMIT) IN G*S

ROCK DIAMETER (INCHES)

ASSUMED BAG RADIUS (FOR CURVE FIT) INCHES

ASSUNMEV oAG RAUIUS (FUR CURVe FLT) INCHES

ASSUMEV bAL RALIUS (FUR CURVe FI1T) INCHES

BAG MATERIAL WElGHT (FUR UNE PLY) LB5/bweFulT

BAG MATELRIAL STRENGTH (FOR UnE PLY) POUNDS/ LiiCH

DESIRED MINIMUM NUMBER OF PLYS INNGR 120 UEGREES
(PAYLOAD ATTACH)

DESIRED MINIMUM NUMBER OF PLYS UPPER AND LGWER CENTER

60 DEGREES

DESIREV wINI#Usm NUMBER OF PLYS OUTER 120 DEGREES

BAG FACTOR OF SAFETY (ULTIMATE/LINIT)

WEIGHT GF SCUFF PROTECTIUN (LoS/SweFOUT)

ANBIENT PRESSURE (PSI)

ANGLE ocTWckN CRUSH PLANE Aiw X AXIS (RAUIANS)

POLYTROPIC GAS CONSTANT

GUTPUT DATA

REWUIRLL BbAG RADIUS (INCHES)

REGWUIRLL RADIUS FRUM TURUS CENTER TO vaAav ConTeR (INe)
REQUIREL INFLATION PRESSURE ABSGLUTE (Pold

LIMIT BAG PRESSURE AT LIMIT STROKE (PUOUNDS/SUWelne)
ABSOLUTE

MAXIMUM LIMIT ULCAD FACTOR AT LIMIT STROKE (G%5)
PAYLOAD WEIGHT (POINDS)

WEIGHT OF LANDING SYSTEM INCLUDING GASSEXCLUDING UOTTLE
(POUNDS)

wElonT OF INFLATION SYSTEmyoUTTLE AND UALD (POunuS)
REQUIRC. inOe PLYS INNER 120 ULbORLES (PAYLOAL ATTACH)
REQUIRCU NUe PLYS UPPER AND LOWER CENTER 60 UEGREES
RCQUIREY Nue PLYS OUTER 120 UEuUR:ES

MAX., ULTs RURNING LUAL INMER 120 UEORCEES (POUNDS/INCH)
MAXRUNNING LCAUL UPPER AMD LOWLR CENTER 60 DEGREES
{LB/IN.)

MAXe RUNNING LUAL OUTER 120 DEGRELS (Loe/INs)

LANDING SYSTEM wkIGHT ZAG RSl (POUNDS)

D1R
D1R
D1R
D1R
DIR
DIR
DIR
DIR
DIR
DIR
DIR
DI1R
DiR
DIR
DIR
DIR
DIR
DIR
DIR
D1R
D1R
DiR
DIR
DIR
Dik
DIR
D1IR
DIR
DIR
D1R
DIR
DIR
DIR
D1R

DIR :

DIR
D1Rr
DI1R
DIR
DIR
DI1R
DiR
DIR
DI1R
DiR
DIR
DiRr
DIR
D1R
D1R
DIR
DIR
D1R
D1R
DiR

20

40

50

60
.70

80

90
100
110
111
112
130
140
150
160
170
180
190
200
210
220
230
240

<50

481
490
500

2L7
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APPENDIX C

WL2 LANDING SYSTEM WEIGHT BAG RS2 (POUNDS)

wL3 LANDING SYSTEM WEIGHT BAG R53 {(POUNDS)
WISl INFLATIGN SYSTEM WEIGHT (POUNDS) oAG RS1
WIS2 INFLATION SYSTEM WEIGHT (POUNDS) 0AO RS2
WIS3 INFLATION SYSTEM WEIGHT (POUNDS) bAG RS$3

P11 INFLATION PRESSURE BAG RS1 (PS1)
Pl2 INFLATICN PRESSURE BAG RS2 (PSI)
PI3 INFLATIUN PRESSURE oAG RS3 (PSI)

PF1 PRESSURE AT MAX.LIMIT STROKE BAG RS1 (P51) ASSOLUTE
PF2 PRESSURE AT MAX. STROKE bAG RS2 (PSI)
PF3 PRESSURE AT MAX. STROKE BAG RS3 (PSI)
FLOAD1 MAX.LIMIT LOAD FACTOR BAG RS1 (G%35)
FLOADZ2 MAXIMUM LOAD FACTOR BAG R52 (G5}
FLOAD3 MAXIMUM LOAD FACTOR BAG RS3 (G*S)
S STROKE (INCHES) -
FORCE TOTAL LOAD NORMAL TG SURFACE (POUNUS) LIMIT
DIST Y DISTARCE TO CENTRUID OF FUUTPRINT AREA (1nCHES)
P LIMIT BAG PRESSURE AT STROKE S (PSI) AgSOLUTE
AF FOOTPRINT AREA (SGUARE INCHES)

D1R
D1R
DIR
DI1R
DIR
D1R
D1Rr
DIR
DIR
D1R
D1R
DIR
D1R
D1R
DIR
DI1R
DIR
DIR
DiR

CLEAR PAYLUAD/GROUNKD CLEARANCE FOR IMPACT AT ANGLE BET (INCHES)IDIR
ALCL ALLOWABLE CLEARANCE BETWEEN PAYLOAD AND GROUND ({INCHES) ADIR

118( OF AVAILABLE STRCKE FOUR ULT. VELOGCITY CAPABILITY

U TOTAL ENERGY ABSORBED FOR LANDIRG AT ANGLE okT
(INCH PGUNDS) )

VELBT LIMIT VELICITY CALBADILITY FORK LANDING AT ANGLE BET
(FEET /SECOND)

DIR
D1R
DIR
D1R
D1R

CLEARE PAYLOAD/GROUND CEARANCE FOR ©NU LARDING (BET=90DEGREES) IDIR

Ut TOTAL ENERGY ABSORBED FOR ENV LANDING (INCH PCUNDS)

VELE LIMIT VELOCITY CAPABILITY FUKR END LANDING (FEET/SECOND)
GAIMA  BAG ANGLZ WITH LOCAL HORIZONTAL AT PAYLUOAD ATTACH-END

LANDING (RADIANS)
RD1 OUTER RADIUS AT MAX STROKE PUINT (IHCHES)

RD2 RADIUS AT PAYLOAD ATTACH - END LANDING (INCHES) MAXIMUM

STROKE POINT
ALCE ALLOWABLE CLEARANCE BLTWEEN PAYLOAD AND GROUND END

LANDING ALLOWING 11.8{( OF AVAILAOLE STROKE FOR ULTIMATE

VELOCITY CAPABILITY (INCAES)
GSTR1 MAXe RUNKING LUAD INNER 120 DEGRELES sPOUNDS/INCH)
ULTIHATE
£GSTRZ MAXe RuUnhInG LuAD UPPLK AnD LUWER CLNTeR 60 wEGREES
(Lue/INe) ULTIMATL :
EGSTK3 MAXe RUNNING LUAD OUTcR 120 OEGRELS (POUNDS/INCH)
ULTIMATC

WRITE (65340)

WRITE (6335C) AsBsCsDsRrOP»VFsFMAXLFsRDIA
WRITE (69360) RS1sRS2sRS3+FABWTI»FABSTsPLY1sPLY2,4PLY3
WRITE (693701 BFS5+SCFWTsbETsPASCK

DO 20 I=1s6cC0 -
ASAVE(1)=0.0

VG 30 J=1,600

FSAVE(J)=0.0

VET1=bET

RS=RS1
WP=(Qe7TBE5¥CHANRR2+6428%D¥LH* (A+D) ) *RHOP /1726«
PM=WP/3864C

CIR
b1R
D1R
DIR
D1R
DIR
DIR
D1R
DIR
OIR
DI1R
D1R
DiR
DIR

- DIR

DIR
DIR
DIR
DIR
DIR

DIR

DIR
DIR
DiR
Dir
D1R
DIR
DIR
DIR

510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
731
740
741
750
700
770
780
781
790
800
801
810
8520
ozl
830
831
840
841
550
851
860
370
880
890
900
910
920
S30
940
950
960
270
980
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LOuUki=l

W0 TOU 6u

RE=RL2

KOUNT =2

00 1C 6y

RS=RS3

KCUNT=73
SMAX=RS-C/2.N=RDIA
SMAX=6MAX /14118
DaE=SMAX /204040, 0005
MOUNT =0

52040

1=0

AMENG=040

ENRGY=Ca0

PPR=L /7 (NN

RL=RP+RS -

IMCREVENMT STRUKE CALCULATE FMHEKRCGY (Pl UNaRDWHN)
S=5S+DS

XREG=D (U 0CA+N 60 H(S/RE)=Ce D255 (L/RS) %37
YRE=D,034942409%(S/RGY =14 LT1R(S/RG)REY
VOLR=0e99834DeCA89% (S/R5)+0e 23y (S/ K0 ) 2% 2
FPAZ3 4 14%¥RSEX 2K L ARLGFH =Y NOHE X2+ o OFRL/RSH (X
FOPI=FPA#VOLR¥%Cx

ENRG=A{FULUPI+F.PP) % 28/240

ENRGY=UENRGY+LMNRO

AMEN=PAX (FPA+FPP ) %S

AMENG=AMENG HAMENM

FPP=FPA

FUPP=FDPI

{F (SeLTeSHAX) GO TU 70

A\-:'.)'f' Y-\“:)) )

CALCULLATe MINTMUYM AT AL TOMT
Al=154128RS*¥(RP+G L T2%RS)
A2=134 1 2%¥RS* (KP+1S)

AB=034 12%RSF(KP+1e82E%RS)
wlMY=FABWT*PLY 1¥AL1 /144,40
WLM2=FABwT*PLY Z2XA2/144.C
WLMI=FABWT*PLY2%A3/1444,0
WEKF=SCFaT* (AL+A2+A2) /14440

CWLEWLM I+l 2440+ SKF

GC TO EQUIVALFNT Tw0O MASS SYSTLEM ARD FIND Pl REQUIRED

EFFK=2«CXENRGY /5% #2

TM=V L /3860

CMUGON=SGRT(FFK/{PM+TH) )
XLAM=Qeb6H UL/ (AP+Ceb*WwlL )
FFO=06%993=0e3248%XLAM+0 Qv IH*XLAMK R,
Pl=144e CHXFFS¥#2RVF X%/ [ S#H2AOMEGNE#2 )
PI=Pl4+AMENG/ (S*%2XTMEGN%*2% (Px+TH) )

FENZ141217-002 TOGKXL AL ¢ 2504% XLAME% 24 e 6105 % XLAME*3

FLOALF=FFN*QMECN*VF#SURT(PT) /3242

Dik ¥v0

T UIR1000

UIRI0O10O
vllo20
DIR1030
VIRLIC&0
DIR1050
DIR1060
D1R10790
DIR1CBO
DIR1OYO
VIRL100
DIR1L1O
Lintid0
Oir1L1350
D1Ix1l4D
LIxi150
b1R1160
DIK1170
C1lR1180
DIR1190
DiR1200
51R1210
V1R1220
C1R1230
vilRiz240
JOlR12%D
DirRiZo0
DIR1ZT0
DIR1280
DiR12%0
D1IR1300
D1ik13190
DIK1320
C1IR1330
D1lR1340
DiRi350
DIki1360
Cikl370
UiR1380
CiKk1390
Dikl4QeC
DIK1410
D1R1420
C1R1430
DIK1440
D1R1450
D1R1460
DiR1470
DIR1LI4H0
DIR1I4YO
DIR1500
D1IR1510
DIRiI520
D1IR1530
DIR1540
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90

100
110

120

130

140

150

160

170

250
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FLOADF=FLOADF#*8BFS

PF=BFS*VOLR*#CK*(PI-PA)

CALCULATE BAG STRESSESs THICKNESSESs AND UPDATE BAG WEIGHT
RATI=RS*({1.0-YRS)/(1e5T*RS—YRS*RS-U) g
THE=0.0

DTHE=0+04

THE=THE+UTHE

IF (THE«GE«341) GO TC 100

RATO=SIN(THE)/ THE '

IF (RATI.LT.RATO) GO TO 90
RR1=RS*{1+0-YRS)/SIN(THE)

GO 10 110

RR1=0¢0

- PHI=04422%S/RS

STRES1=(FLOADF#WP /(64 28%RP)+PF¥RR1%¥CUS{TRE=1457))/7CGS (PHI)
PLY1F=STRES1/FABST :
IPLY1=PLY1F v

IF ((1PLY1+4001)+GT«PLYIF) GO TC i20

PLYIF=IPLY1+1.

IF (PLY1FGT.PLY1) GO TO 130

PLY1F=PLY1

WLMI=FABWT*PLY1F*A1/144.

DIR1550
D1R1560
DIR1570
D1R1580
D1IR1590
DiR1600
DiR1610
D1K1620
DiR1630
DiR1640
D1IR1650
D1R1660
DIR1670
D1R1680
DIR1690
DIR1700
DIR1710
DIR1720
LLR1730
D1R1740
DI1IR1750
D1IR1760

STRES2=(6e28#RP*STRES1I*#COS(PRIN40e 16 TX¥WLHFLOADF -3 4 14¥PF¥* (RP*¥RS+02D1R1T770

15%RS*#2) )/ (3. 14%(RP+RS/240))
STREH2=PF#RS/2.0
STRES2=AMAX1(STREH2,STRES2)
PLY2F=STRES2/FASST

IPLY2=PLY2F _ _

IF ((IPLY2+.001)+GT«PLY2F) GG TO 140
PLY2F=1PLY2+1.

1F (PLY2FWGT.PLY2) GO TO 150
PLY2F=PLY?2

WLM2=FABWT*PLY2F*A2/144.

DIiIR1780
D1R1790
D1IR1800
DiR1810
DIR1620
DIR1830
DiIR1640
DIR1850
DIR1ly60
DIR1&70

STRES3=(628%XP*¥STRES1I*COS(PHI 140333 %¥WLAFLOADF =3¢ 14%PF# (RP*¥KS*3,0D1R1380

1420 25%RS*¥2) )/ (2e14% (RP+]1o5%RS) ) .
STREH3=PF#RS /2 40 :
"STRES3=AMAX1(STREH3, STRES3)
PLY3F=STRES3/FABST

IPLY3=PLY3F ' o
IF ((IPLY2+.001)«GT«PLY3F) GG TC 160
PLY3F=IPLY3+]1.

IF (PLY3F«GT4PLY3) GO TU 170
PLY3F=PLY3
WLM3=FABWT#PLY3IF*A3/144,
WIS=PI¥RS%*%2#RL/13470
WLEWLMI+WLM 2+ LM34+WSKF+041165% 0l S
PF=Pl*VOLR

FLOADF=FLOACF/BFS

PO=P1-PA

MOUNT =MOUNT +1 )

IF (MOUNT.LT«3) GC TO 80

IF (KOUNTeGT.1) GG TC 180
FLOAL1=FLOALF

whl=wiL

‘WiS1=wlIs

PI1=p]

D1IR1890
D1R1900
DIR1910
DIR1920
D1IR1930
DiR1940
DIK1ISH0
DiIR1360
DiIR1YTO
DIR198BO
DIR19Y0 .
D1RZ000
D1R2010
D1R2020
D1IRk2030
D1R2040
DIR2050
L1lRZ060
DIR2070
Dir2080
DirR£0OYO
DIrk2100
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PF1=PF

GO TO 40

IF (KOUNT«GT.2) GO TO 190
FLOAD2=FLOADF

WL2=WL

WI1S2=WIS

P12=PI

PF2=PF

GO TC 50

IF (KOUNT«GT43) GU TO 230
FLOAG3=FLOADF

WL3=wL

WIS3=wIS

P13=P1

PF3=PF

" KQUNT=4

DAKE=FLOAD1I* (RS2-R&3)~TLGAD2¥ (RS1-RS3)+F LOADI3*(RS1~-RS2)
IF (CAKESEG.0.0) GO TG 220

D1RZ2110
DlR2120
DIR2130
D1R2140
D1R2150
DIR2160
D1RZ2170
D1k2180
DiR2190
DIRZ200
DIR2210
DIR2220
D1R2230
D1R2240
D1R2250
D1R¢260
D1R2270
DIRZ280

AKE=(FLOAD1I¥(RS2%¥2-R53#%2 ) —FLUALZ* (RS1*¥#2-RS3¥H2 ) +FLOADI¥ (RS1¥#2-D1IR2290

1RS2%%2 1)1/ (2 D¥DAKE)

AFE=( (KS1-AKE) # %2 - (KS2-ARE) #¥#2) /{rLUunvl-TLUAD2)
IF {(AMLEla040) GO TG 220

SHE=r LOALI-(RS1-AKL I *¥ 2/ Amr

APAE=AMER (FMAXLF ~ANE)

IF (AAME«LTeDeQ) GG TO 220

IF (ANME) 20042205210

RS=AKLC+SQRT (AAME) -

GG TC 6U

RS=AKE-SQRT (AAME)

GG TO 60
RS=R51+(RS]1~-RE3)®F(FMAXLF—-FLUOADL)/(FLUAD]I-rLUASS)
00 TC 6V

IF (FLOALFsLEZeFFaXLr) GU TGO 240

RS=RS+0Qe2%

-G8 TO 60

CONTINUE

EETFRHMINE VELOCITY CAPAZILITY FOR END LANSING (BLT=Y0DLGREES)
hET=1e57

FCRCP=D.02

UE=0e0

S=0N40

INT:=0

ALCE=0e212%¥RS+0e094%¥R01 A

CLEARE =2« ¥RS-Z*TAN(ALPIHA) =S
DS=(S+CLEARL=ALCL40#001)/40.

5=5+US

CLEARE=2+¥RS=3*¥TAN(ALPHA) =S

CALL LOAL (RSHRLIZsPUIPASLLT Sy INDsFURCLIDIST P yAF 3 CK)
J=J+1

FSAVE(J)=5

GSAVFE{JY=FORCF

HSAVE(J)=DIST

PSAVE(J)Y=P+PA

REAVE (J)=AF

CUE=CS# (FORCE+FORLP) /2

ULk=UE+DUL :

DIRkZ2300
Diké310
Dik£320
DIR2330
DiRZ2340
DIRZ350
bDixke2340
D1kZ370
D1IR2380
D1IR2330
LiR<400
Lbirke4l0
DIRZ2420
DixZ4as0
DiR2440
DiRZ450
DIk2460
DirR2470
D1R2480
DIRZ2490
D1R2500
D1Kk2510
DLR2520
D1R2%30
U1IRZ540
D1IR¢550
D1RZ560
DiRZHTO
D1RZ>80O
D1IR2590
DIR2600
DIR2610
DIR2620
DIR2630
DIR«640
DiR2650
C1R2660
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260

270

280

290
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FORCP=FOKCE

EPS=le—AF®(SCFUTHPLY3F*FALWT )/ (144 ,% 5L )

VELE=SURT (5436%UC/ (EPS*WL+WP) )

QSAVE (J)=VELE

IF (ALCE.LT+CLEARE) GO TO 250

DETERMINE BAG STRESSES FCR END LANDING AND UPDATE BAG PLY IF
REQUIRED

DGAMA=0.01

GAMA=Q40

GF 1=ALCE~1+362%RS+0e63T#E

GF2=04637#(RS-B)

GF3=b6~RS

GAMA=GAMA+CGAMA

GFa=GF1%¥SIN(GAMA) +GF 2 GAMA

GF5=GF 3% (14~-COSIULAMA))

IF (GF44LT4GF5) GO TO 260
RD1=ALCL/2¢~GF5/ (2. #SIN{GAMA))

RD2=(RS5-8)/SIN(GAMA)
EGSTR1=P#RD2*¥(RP+ALCE/2+~RD1) /RP*BFS
ZETA=ASINIR/RS)

EGSTH1=P*RS* (RP+RS*¥COS(ZLETA) /2« } /RP*UFS
EGSTRL=AMAXL(EGSTR1»ESSTHL)

EGSTR2Z=P#RD 1% (RP+ALCE~-1+5%KD1) /(RP+ALCE-24%RD1) ¥U3F S
EGSTH2=P*RSG* (RP+0« 75%RS) / (RP+0 « 5¥RS) ¥BFS
EGSTR2=ArMAX1(EGSTR2yEGSTH2)
EGSTR3=P*#RD1#(1e~RLC1/(2+ % (RP+ALCE)) ) *sFS
EGSTH3=PXRS* (RP+1+25%RS) / (RP+1«5*%RS) H3FS
EGSTR3=AMAXL(EGSTR3HYEGSTEH3)

IF (EGSTR3.LE«(FABST*PLY3F)) GO TG 280
PLY3=EGSTR3/FABEST

IPLY3=PLY3

IF {(IPLY3+.001)GT«PLY3) GO TO 270

PLY3=IPLY2+1,

PLY2=PLY2F

PLY1=PLYIF

IF (KOUNT.EQe%) GO TO 2b0O

KCUNT=5

GC TU 60 .

DETERMINE VELOCITY CAPABILITY FOR LANDING AT INPUT ANGLE BET
FORCP=0a0

BET=bET1

IND=0

7U20 o (i

ALPHA=0+450%ASIN(B/(44%RS) )

ALCL=RCIA

S5=0.0

CLEAR=RS* (1 ++SIN(BET) ) ~0#*(COS(BET)I+SIN(BET)*TAN(ALPHA) ) -S
CLEAR2=RS* (14 +SIN(BET) ) +D*SIN(LETI-C*COS(BETI/26~5
CLEAR=AMIN1 (CLEARyCLEARZ)
ALCL=0894%ALCL+0.106*CLEAR
DS=(5+CLEAR-ALCL+0+001) /740

525+4DS ‘ ‘
CLEAR=RS*(1++SIN(BET))-B*(COS(LBET)+SIN(BET)*TAN(ALPHA))-S
CLEARZ2=RS* (1o +SIN(BET) ) +D*SINIBET)~C*COS(8ET) /2¢-S
CLEAR=AMIN1 (CLEARCLEAR2)

CALL LOAD (RSsRL+BsPOsPAsBETsSsINDsFORCEsDISTsPyAFsCK)

DIRZ670
DIkZ680

DIRZ590

D1R2700
DIR2T10
D1R2720
D1R2721
DIRZ2730
DIn21740Q
DIR2750
Dlk2760
D1IK2TT70
D1IKZ780
D1RZ2790
D1R2800
D1R2810
D1R2820
D1IR2830
D1R2640
DIR2850
DIRZE60
D1R2870
D1R25680
D1R2890
DiR<Y00
DIR2910
DIRZ920
D1M2930
DIRZ2S40
D1IR2950
D1R2960
DIR2970
D1RZ930
DIRZYVO
DiR3000
DIR3010
DIR3020
D1KR3030
DIRA04D
DIR3050
D1K3060
DIR3070
D1R3080
D1R3090
DIR3100
D1R3110
DiIR31i20
DIR3130
DIR3140
DIR3150
DIR3160
D1Kk3170
DIR3180
D1R3190
DIR3200
D1R3210
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I=1+1 DIR3220
ASAVE(]1)=S D1R3230
BSAVE (1) =FORCE D1R3240
CSAVLE(I)=DIST DIR3250
DSAVE ([ )=P+PA D1R3260
ESAVE (1) =AF DIR3270
DU=DS* (FORCE+FORCP )/ 2 D1R3280
U=u+Dl) - D1R3290
FORCP=FORCE D1R3300
EPS=1e~AF* (SCFWTHPLY3F*FABWT )/ (144 ,%WL) D1R3310
VELBT=SART(5e36%u/ (LPS*WL+WP)) D1R3320
SSAVE(1)=VELBT D1R3339
IF (ALCLLT«CLECAR) GO TC 290 D1R3340
WRITE (64+380) . D1R3350
WRITE (63390) RSsRLsPIsFFSsFLUADFsnP sl sWI S D1R3360
WRITE (634C0) PLYLFsPLYZ2ZFsPLY3FsSTRESL sSTRES2$STRESS D1R3370
WRITE (69410) WL1ISPILlsPF1sFLOADYI WIS Dik3380
WRITE (69420) WlLZ2sP12sPF2sFLUALZ Y WISZ DIR3390
WRITE {6+43C) WL3sPI3,PF243FLSAD2WIS3 D1R3400
WRITE (6+,470) DIR3410
WwRITE (6+480) CLZARLsUESVELE »GAMASRDLSRD2,ALCE D1R3429
WRITE (64490) EGSTR1ILEGSTR2,EGSTRA D1R3430
DO 300 M=1,J D1R3440
3,0 WRITE (6+50C) FSAVE(M) 3 GSAVE (M) sHSAVE (M) sPSAVL (M) »RSAVE(M) QSAVE(MD1IR3450
1) D1R3460
WRITE (6s440) D1k3470
W fTE (59450) CLEARYALCL yUs VELBT DIR3IHE]
N=1 DIR34v0
W) O1G L=1sN DIK3500
310 WRITE (6+460) ASAVE (L) $BSAVE(L) 9CSAVE(L) +USAVE (L) yeSAVE(L) SSAVE(LDIR3510
1) D1k3520
OG TO 1C D1R3530

< D1IR3540
320 FORMAT (1H1 44X 42HINFLATARLE TORUS STRUCTURAL DLSIGN PROGRAM////) D1IR3550

330 FORMAT (9F8.1) . D1R3560
340 FCRMAT (1Xs16HIRPUT PARANMLTLRS//) D1R3570
350 FURMAT (3Xa2HATFYe293X92hb=) Ye 293X s 211C=F a2 33X 0 2110=F 56253 Xs5rKHOP=D1IR3560
1F6el93Xs3HVF=EYa) 33Xy MRFMAXLF=F12e1 33X 95:KulA=FJ42/) D1Ik3590

560 FORMAT (3Xs6HRSL1=F04 233X s4HRS2=F Y629 3K9411R535FY el 33X 6rFABWT=F944,L1R3600
13X s6HFABST=FY9 e L oX s SHPLYL1=F 4 el 33Xy 0hFLY2=F 4l s 3X0nPLY3=F4el/) UiIk3610

310 FURMAT (3Xs4HLFS5 a3y 3X s0MECFNT=F Yets 3XsaHUETTFO 0 393X s 3HPASF Y4 35 3L IR2620
I1Xs3nCK=FGeti/) Dir30630

580 FGRMAT (1Xs1100UTPUT DATA/Z/) D1IR3640
390 FORMAT (3Xe3HRS=F9eZ293Xs20RKL=F Y6233 X93HPI=FYe293X93MFPF=F'7e¢293Xs THFDIR3650
CJLOADF=F12e1 33X 3HWP=F9¢153Xs3HUL=FF 413X 4HRIS=FY41/) D1R3660

430 FORMAT (3Xs6HPLYIF=F44 133X sCHPLYZ2F=Fa4al o3Xs0rPLY3F=F441,3X,,7HSTRESDIR30670
1127 9e¢ 1 93XsTHSTRESZ2=F 94 192X s THSTRES3I=FT41/) D1k3680

410 FORMAT (3XsbhelL1=F Qe ls3XsbilPI1=F9e2s3Xs4tiPFl=FYe293Xs IHFLUADLI=F12D1IR3690
1193Xs5nwWlIS1l=FYal/) DIX3700

G20 FORMAT (3X0driwlZ=FS el 93X e4nF12=F9e2 33X s4hPF2=FYe2 93X TNFLUALZ2=F12eL1IRDTL0
11le3XeoottnI52=FYei/) DIXK3720

430 FORMAT (3Xs4tiwl3 Qe Ls3Xsa4HP132F9e2 93X s 4lPFL=FYe2 93Xy IHFLUALS=F l2eLIK2T730
- 11 e2Xs5hwlS3=+Yel/) . V13740

44Q FCORMAT (25X 3 *¥LGAUSTROMEFGRIMPACTATCORNS TANTANGLEBET®/) DIR37%50
450 FORMAT (53X s6HCLLAR=FYe 332X 0HALCL=F 53 33X9211U=F12e114X+s6HVELHT=FY«DIR3760
127) DIR3770
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FORMAT (3X-2HS=F9.3,5X,6HFORCE=F10-1,5X;5HDIST=F9-3,5X,2HP=F9.3,5XDIR3780

193HAF=F10e1s5X3s6HVELBT=F641/) _
FORMAT (25X+46HLOAD STROKE FOR END ILANDING (8ET = 90 DEGREES)/)

D1R3790
D1R3800

FORMAT (3X§7HCLEARE=F9-3:3X’3HUE=F12-1’3X$5HVELE=F9-2;3X’5HGAMA=F9DIR3810

1a433X+4rRD1=F9 233X s 4HRD2=F 9.2 +3Xs5HALCE=F943/)
FORMAT (3X»7HEGSTR1I=FF41+3Xs THEGSTRZ2=F9e 133X THEWSTR3=F9.1/)

D1R3820
D1R3830

FORMAT (3X,2HS=F9-3,5Xa6HFORCE=F10-1’SX»SHDIST=F9.3,5X’2HP=F9.3,5XDIR3840

193HAF=F10e1+5Xs5HVELE=F641/)
END

D1R3850
D1R3860~
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SUBROUTINE LOAD (RSoRL;BoPO,PA,BET’SleDoFORCE:DISTaPoAEyCK)
THIS SUBROUTINE DETERMINES LOADsPRESSUREsFOOTRPRINT AREA VS STROKE
FOR GENERAL LANDING ATTITUDE

TOL=0.001

DTHE=030

STr=S

PI=3+14159
VO=2*PI¥P]*RL*RS*¥RS
SRATIO=STR/RS

IF (IND«NEsO) GO TO 10
IND=1

SSAVE=0.0

AFS=0.0

‘V=VO

THE=0.0

. ACHORD=C.0

ACMOM=0.0

- THE=THE+UCTHE

PPSI=TAN(BET)*COS(TIE)

- PSI=ATAN(PPSI)

IF (PSIelLTs1la56) GO TO 40
IF (PSTeGTale 58) GO T0 40
"H=RL+RS

STTH= H—(H—STR)/COS(THE)

- IF (STTHoLE.O+C) GO TO 80
“IF (STTHeGT«RS) GC TO 60
CH=2¥SURT (2¥STTH¥RS=STTH**2}

ACH=CH*DTHE* (H-STTH) *2
ACH=ACH/COS(THE)
ACHORD=ACHORD+ACH
"XDLOD=H-STR : :
ACMOM=ACHORD*(H-STR)
YDLOD=040

ERMOM=040"

GO 10 20
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DZR
DZR
D2R
Der

D2R
D2R

D2R
D2R

DeR-

DZR
D2R
D2R
D2R
D2R
D2R
DZR
DR
D2R
D2R
bDZR
D2R
DZR
D2R
D2R
DeR
D2R
DZ2R
DZR
DZR
D2k
DR
DZR
b2R
D2R
DZ2R

STTH= COS(PSX)*STR/Lof(FET)+RS*COS(P51)*(SdRT(lon+TAN(P51)**2)—SQRTD2R

1(1.0+TAN(BET)**2))+RL*CDC(PSI)*TAN(ocT)*(COS(THE)*I.O)

IF (STTH«LE«0«0) GO TO 80

IF ((THE=~3.14).GT.0+0) GG TO 80

IF- (STTHeGTeRS) GO TO 70
CH=2%SGURT (2% ST TH¥RS-STTH#*2)
RTP=RL+RS*TAN(PS1) /SuKT (1. 0+TAN(PSI)**2)j

ACH=CHXDTHEX (KTP=STTH*SIN(PSI) )} %240

ACH=ACH#COS(PST)/COS{BET)
ACHURD=ACHCRO+ACH

ACOM=ACH¥ (RTP- STTH*SlN(PSI))*(OS(THt)

ACMOM=ACMOM+ACOHM
XDLOD=ACMOM/ACHORD

YDLOD= RS*SQRT(1+TAN(UET)**2)”STR/(Oa(ULT)+(KL XDLOU)*TAN(LLT)

ARMOM=ACHORD*YDLOD
GO TG 20
CH‘ZO*RS
GO TO 30
CH=2« ¥RS
GO TO 50
CONTLINUE
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D2R
D2r
D2ZR
D2R
DZR
D2R
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1F (SRATIO.GE«1+537} GO TO 90
AF=ACHORD* {0 e499+0e326%¥SRAT10)

GO T0O 100

AF=ACHORU

VEV=0e5¥ (STR-SSAVE ) ¥ (AF+iFS)

DIST=YDLOD

P=(PO+PA} ¥ (VO/V)*%CK~-PA

FORCE=P#AF

AFS=AF

SSAVE=STR

RETURN

END
2. Se 3. 53¢4 654
120. 140. 0.017 100. le
«132 -100 -072 1‘40
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APPENDIX D
D.l INTRODUCTION

The Inflatable Torus Landing Loads and Motions Program determines the
spatial positions, velocities, and accelerations of a given inflatable
torus lander as a function of time. These parameters are determined using
the normal force due to compressing the torus inflation gas and the fric-
tion forces and moments, The lander configuration may be established with
the Inflatable Torus Structural Design Program, Appendix C, or a lander
design may be available from some other source,

Features incorporated in this program include the ability to: select
up ﬁo six degrees of freedom thereby allowing simulation of spatial motion;
vary load/stroke hysteresis effects on rebound, lander geomebtry, surface
slope, coefficient of friction, rock diameter; select values for as many as
eight independent parameters used to stop machine computation; and ability
to select variable or constant step Predictor-Corrector or RHunge-Kutta inte-
gration methods. Input data to this program inciudes initial lander attitude
and position; linear and rotational velocities; lander geometric and inertia
properties; and surface conditions such as ground slope, coefficient of
friction, and rock diameter, Output data consists of the lander's trans—
lational and angular positions, velocities, and accelerations as a function
of time,

The Infiatable Torus Landing Loads and Motions Program was‘developed
for a landing vehicle as shown in Figure D-1. The lander is comprised of
two main parts; the inflated landing system and the payload. The payload

consists of a cylindrical shaped package mounted in the center of the

259



APPENDIX D

voo_xon_
3|qDIIDA

v

SN0 ] PasD|u|

.w snio |

AYLINO3O SNYOL ITTVLV TSN

Figure D-1

260



APPENDIX D
inflated torus impact bag. A gimbal ring supports the payload structure and
allows the required payload alignment to occur following landing. During
landing, this gimbal ring is locked so that it provides rigid support for the
payload. The payload package and gimbal ring are assumed to have a uniform‘
weight density. ;

The inflatable torus is constructed of a suitable fabric coated with an
elastomer to provide gas containment and seuff resistance, The torus is
assumed to be an unvented, uncompartmented structure with material hysteresis
effects inciuded in the analysis. To provide the required torus strength
with minimum weight, the thickness of the torus material may be changed in
three steps as shown in Figure D-2, The symbols PLYLl, PLY2, gnd PLYB are
used to designate the number of material plys in the respective torus sec-

tions and FABWT is the weight per square foot of one ply of material, These

terms are consistent with the Inflatable Torus Structural Design Program,
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VARIATION OF TORUS MATERIAL THICKNESS

Lander q_

Figure D-2
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D.2 ANALYTICAL PROCEDURES

D.2.1 CQORDINATE SYSTEMS -~ Three coordinate systems used to define the
motion of the lander as a function of time are shown in Figure D=3, All
three systems are right-handed and eaph consists of three orthogonal axes,
These coordinate systems are defined as follows:

o A coordinate system moving with the lander and fixed at its center
of gravity (X, Y, Z). This system is referred to. as the lander
coordinate system. The X axis is the axis of symmetry of the land-
ing vehicle and the Y and Z directions are chosen arbitrarily., Roll,
pitch, and yaw axes coincide with the reference ). and Z axes
respectively. In defining the signs of rotation, the right-hand
rule is used,

o A coordinate system fixed in the blanet and alignéd with the gravity
vector (Xf, Yf, Zf). This system is referred to as the gravity
coordinate system. The Zg axis_is directed toward the center of the
planet and the positive Xy and Yy axes are directed toward the north
and east respectively,

o A coordinate system fixed in the planet and oriented with respect to
the slope of the local surface (Xls, Yls’ le). This system is re-
ferred to as the surface coordinate system and differs from the
gravity coordinate system by the rotation a about the Xg axis.

rThese coordinate systems are related by the following expressions where

TR and TRL are the matrices of direction cosines:
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b
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£
Yp = TR (I, J) Y
and
Xls’ X
Vo) = TRL (1,J) Y
le Z

These transformations are used for relating forces, accelerations, velocities,
and displacéments between the various coordinate systems.

During the integration of the equations of motion, one or more of the
direction cosines may become slightly greater than one. This is a result
of the lander experiencing high angular velocities and is due to the finite
step nature of the numerical integration methods employed. When this occurs,
the program prints out a message, recomputes the direction cosines such
that the direction vector is normalized, and continues the integration.

D.2,2 ASSUMPTIONS - It is assumed in the analysis that the lander may.
be represented as a rigid mass experiencing forces and moments at iﬁs center
of gravity. These loads are comprised of the normal force due to compressing
the torus inflation gas and the friction forces and associated torques due to
the motion of the torus material relative to the landing surface. These
loads are resolved to the lander's center of gravity and the resulting equa-

tions of motions take the form

Fy Y -¢ é

X X &x
m{Y| = {Fy| -m b o -¢ Yi 4m gy
-9 ¢ o
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COORDINATE SYSTEMS
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Basic assumptions which are reflected in the digital simulation of this

study are as follows:

266

o]

e}

(@)

Rigid body payload .

Unyielding landing surface

No surface protuberances or depressions other than rocks
Aerodynamic forces are negligible

Changes in moments of inertia are negligible

Normal force unaffected by friction force

Normal force calculation based on assumed torus deflection shape
Friction force function of normal force

Coefficient of friction changes linearly from zero at zero sliding
velocity to the constant input value (AMU) over a small (input
quantity VMIN) velocity increment

Direction of friction force opposite to footprint area centroid

velocity

~ Deformations of torus due to friction forces are neglected

Ideal gas undergoing polytropic compression process

Torus material hysteresis effects are included
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D.2.3 METHODS OF ANALYSIS

D.2.3.1 Normal Force. - The analysis required to determine the normal

force as a function of the lander's stroke and attitude is presented here.
This force is normal to the landing surface and is the result of compressiné
the torus inflation gas while the lander is in contact with the ground.

There are two landing conditions which require slightly different analytical
techniques for predicting the normal force; (1) a flat landing where the
lander's attitude, B is zero and (2) an oblique landing where B8 is not equal
to zero,

Flat Landing -~ An assumed torus deflected shape, as shown in Figure D-4,
is the basis for predicting the normal force during a flat landing.
Assumptions required for determining the flat landing torus Aeflected shape
are:

o Tangency point (:) directly above (:) .

o Torus material is tangent to landing surface at points (:) and (:) .

o Material is tangent to gimbal ring above point <:) .

o Payload attach point experiences only vertical motion,

o No stretching of torus material.

A system of six equations are used to describe the deflected shape.
From these, the six unknown torus deflection parameters, Ry, R2, R3, e, I,
and @ are determined for a given stroke. These quantities are related

as follows:
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- S {72
on -2 (22)

Ry O+ = -;-TRS-B

Rl(l-coset) = Rg - (S + B)
f + Ry Sin Ot = Rg |
In the above, S is the stroke of the payload center of gravity.
With the deflection shape parameters, the footprint area may be
expressed as a function of stroke in the following manner.
Ap = m(e +f) (&RBy, +e - 1)
The resultiﬁg internal torus volume change in terms of the stroke is
shown in Figure D-5, The internal bag pressure, assuming an ideal gas

undergoing a polytropic process, is expressed as:

n
P = (Py +P,) (Vo/V) - P,
where P = torus gage pressure - psig
Pi-= initial inflation pressure - psig:
P, = atmospheric pressure - psi

<
i

o - undeformed torus volume - in3

torus volume - in3

<
Il

-3
I

gas constant which determines gas compression
process

n=1 for isothermal process

n=k for isentropic Erocess - where k is the specific

heat ratio for the inflation gas of interest
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TORUS VOLUME CHANGE AS A FUNCTION OF STROKE
FLAT LANDING
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The normal force acting on the lander can then be expressed as:
F=Pi#*Ap
where Ap is the torus footprint area. This force acts through the lander's
center of gravity and produces no moment about the center of gravity. |

Oblique Landing - The torus deflection shape for an oblique landing is
more complicated than for a flat landing. An approximate footprint area
was determined by intersecting the plane of the landing surface with the
undeformed torus. The resulting chordal area was too large, due to roll-up
of the torus material relative to the landing surface, To account for this
phenomenon, a semi-empirical area reduction factor was applied to the cal-
culated chordal area to predict the torus foobprint area.

The semi-empiricai area reduction factor was derived from static test
data for a inflated torus loaded on end (Reference 2 and 6). These data are
presented in Figure D=6, The ratio of the experimentally determined foot-
printed area (Af), to the chordal area (ACHORD), is plotted versus the torus
stroke ratio (S/gg). A least squares curve fit was used to obtain the
following relationships between the footprint area and chordal area:

2
Ap = [.w; +.326 (sms) ] AGHORD for S/Rg < 1.537

Ap = ACHORD for S/Rg > 1.537
Employing the above expressions, the torus volume at a particular time
during the landing was determined from:
1 . .
V, =Viq == (S¢ =5,_7) (Ap +A )
t t=1 7 2 Wb TPt-l ft ft-l

In the above,'the subscripts t and t-1 refer to the current time and the
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FOOTPRINT AREA RATIO AS A FUNCTION OF STROKE RATIO

STATIC TEST RESULTS
END LOADING OF TORUS MODEL
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time at the last integration step. With this expression for the torus
volume, the pressure rise and resulting normal force were obtained assuming
a polytropic process in a manner similar to that for a flat landing.

For the general oblique landing attitude, (Figure D-7) the footprint
area versus stroke was determined in the same manner as for an end landing.
The chordal area, obtained for the particular lander attitude of interest
was corrected, using the same ratios used for the end landing, to give the
torus footprint area. In a manner similar to that of the end landing, the
footprintvarea was used to determine the volume change, pressure rise, and
resulting normal force. It was assumed that the normal force acted at the
centroid of the footprint area., Figure D-8 indicates the application point
of this force relative to the lander coordinate system. This normal force
location results in both a moment and force being applied at the lander
center of gravity.

A comparison between the analysis and the test data for the static load
stroke relationship is shown in Figure D-9: For lander attitudes near a
flat landing, the anélysis is switched between the flat routine and the
oblique analysis whenever the critical lander attitude is reached. This

switching is governed by:

B (radians) S {% (S/Rsg) - flat analysis
" wr .
B (radians) > 18 (5/Rs) ~ oblique analysis

The methods discussed for determining the normal force require know-

ledge of an appropriate gas compression process., For static loading
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LANDER ATTITUDE

Figure D=7
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NORMAL FORCE LOCATION
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Normal Force, F = Lb
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COMPARISON OF PREDICTED WITH MEASURED .

NORMAL FORCE FOR TORUS MODEL
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conditions, an isothermal process (n = 1) was found to give godd-agreement
between theory and test, However, in the dynamic case, an isentropic
process (n = k) was used. This resulted in better agreement with the torus
model drop test results (Reference 2) than when an isothermal process was |
assumed. This trend was indicated during early dynamic testing of aircraft
tires (Reference 3 and h) and analysis of spherical landers (Reference 5).
During the rebound portion of the impact, when the lander is moving

away from the surface, the normal force is reduced to account for the

hysteresisveffects of the bag material, This effect is expressed as

™S
bd

F=F - HYST % F_ . Sin 3

where HYST is the bag hysteresis factor and is set with tﬁe input data. Datas
from Reference 2 indicates that a factor of 5 to 10 percent accounts for the
hysteresis effects.

The magnitude and location of the normal force, for a given lander
stroke and attitude, are determined in the subroutine LOAD (Section D.4.1).

D.2.3.2 Torus Effective Mass. - During the stroking process of a

lander impact, the torus material experiences significant motion relative to
the payload package. In addition, material is being removed from the
dynamic system as the torus flattens against the landing surface, To
account for this, an expression for the effective mass of the torus has been
formulated. This effective mass is a function of the stroke of the lander
payload package and is that portion of the torus mass which is included with

the payload mass in the dynamic system's mass.,
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For a flat landing, a Rayleigh energy approach was used to reduce the
distributed torus material to an equivalent single mass term. It was
assumed that the bag's amplitude of deflection and velocity were of the form
shown in Figure D-4, With this assumed velocity distribution, an expression
for the material's kinetic energy in terms of the payload strcke was
derived, from which the torus effective mass was obtained.

During an end 1anding, the mass of the torus footprint area was removed
from the dynamic system. It was assumed that the remainder of the torus mass
is fully effective at the payload center of gravity for this lander attitude,
This results in an effective mass which is much larger for an end landing
than a flat landing.

For lander attitudes other than flat or end, a mass reduction factér
was derived which expressed the effective mass in terms of the total torus
mass. This factor was formulated so that the resulting effective mass
corresponds with the values obfained for flat and end attitudes, It was
assumed that the reduction factor varied proportionately to the change in
footprint area between flat and end attitudes.

The calculations required to determine the payload mass and moments of
inertia and thégtorus effective maséAare performed in the subroutine MASS,

Section D.4.1.
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!

D.3 PROGRAM OPERATION

D.3.1 INPUT DATA

D.3.1.1 Input Quantities. - Information describing the geometric and
inertia properties of the specific lander to be studied, the landers
initial positions and velocities, and a number of indicators to iﬁitialize
the integration routines are required as input data by the program, This
section discusses the required input quantities while the mechanics of set-
ting up the input data, required data card format, input-position definition,
and the additional option of modifying the output quantities through input
indicators is discussed in Section D.3.1.2. ‘

Input parameters are defined in Figure D-10, Many of these quantities
are adequately explained in this figure, but a numbef of them require add-
itional comments.,

The program initialization routine assumes that the initial rotations
of the lander are carried out in the order of yaw (), pitch (6), and
roll (¢). This point must be considered in determining the magnitudes of
these rotations to locate the lander at the desired initial angular orienta-
tion.,

When any of the following indicators a£e read in as zero, they are reset
internally in the program with the nominal values indicated below. This is

to guarantee successful initialization of the program routines.
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EMAX =0
EMIN = O
HMIN = O
NMBNCS =
DTHE = O

APPENDIX D
EMAX set equal to 1 x lO_h (see Appendix F)
EMIN set equal to 1 x 10"6 (see Appendix F)

HMIN set equal to HMAX % 2 ~10

seconds
NMBNCS set equal to 100

DTHE set equal to 0,03 radians

In addition, if either NCUT or VMIN is initially =zero, the program will

terminate with an error message.

At the present time, the program considers a lander whose moments of

inertia are constant with time. Therefore, the mass moments of inertia

indicator, MMIC, must be set equal to zero.

Several methods for obtaining computational termination for a particu-

lar lander case are provided in the program. One feature results in term-

ination when any one of up to eight variables reach a preset cutoff value,

The eight cutoff variables are as follows:

o Real time (T)

o Total surface velocity (TOTSV)

o Surface range (RANGE)

o Velocity parallel to surface (TLSV)

o Distance normal to surface (ZLS)

o Roll rate (PHID)

o Pitch rate (THETAD)

o Yaw rate (PSID)

XS (J) is the array which contains the cutoff value for each cutoff

variable. The array IND (J) contains indicators which define whether the
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cutoff variables are increasing or decreasing toward the cutoff values,

These indicators are set as follows:

IND (J) 0 - Cutoff variable increasing to cutoff limit.

1

IND (J) 1l = Cutoff variable decreasing to cutoff limit.

In these two arrays, the subscript J indicates the order in which these
quantities are read into the program. The time history variable to which
‘a specific cutoff value applies-is governed by its locapion in the data
field,

The number of lander impacts to be considered in a particular case is
governed by the input quantity NMBNCS. The prégram terminates when the
lander leaves the ground at the end of the last impact of interest. In add-
ition, a specific case is terminated if the clearancé between the lander
payload and the surface rocks become less than zero.

The quantities PLTRAD and PLTMAS are used to determine the planet!'s
acceleration of gravity as.a function of altitude. This relationship is
given as:

o = , o o XPLIMS
& (PLTRAD ~Z;)?

In this expression:
GZ = g = acceleration of gravity (ft/sec?).

G = Universal Gravity Constant (1.0684 x 1077 £t3/1b-sec?).

PILTMAS = Planet's mass (lb-secz/ft).
PLTRAD = Planet's radius (ft).
Zf = Position of lander center of gravity in local surface Z axis.
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An example of the required date setup is given in Section D.3.3. Also
shown are the various options which are available for the output Qata format.

D.3.1.2 Input Format. -~ All of the data cards required for the execu-

tion of any one case are referred to as a data set. As a data set is read,
the values of the input variables with appropriate labels and méssages are
printed for future réference when evaluating the resulting lander time
history output. A data set must be terminated by a data card containing

"EOD in columns 2-4 with columns 5-11 blank., There is no program limit to the
number of data sets that can be run during any one job.

Figure D-11 shows the required format for the input data cards. The
input data can be thought of as a one dimensional array whose elements contain
the values of the various input quantitiés. The input roﬁtine is completely
compatible with the Crushable Torus Landing Loads and Motions-Program
(Appendix B), and this fact accounts for the apparent blanks in the input for-
mat. Many of the locations in the input field are used to input quantities
required with the analysis of the crushable system. >These input positions
are noted in Figure D-1l.

A data set for the Inflatable Torus Landing loads and Motions Program
may consist of three different types of data cards. These three groups of
cards are described below in the order they are required within a data set.

Type 1:

‘In any one data set, the first three cards are alﬁays used as a descrip-~

tion of the case to be run. These cards have the following format:
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Column 1: Must be left blank

Columns 2-55: May contain any descriptive comments
which will be printed at the beginnipg
of the input data listing,

Columns 56-80; Are not read by the program and may
be used for comments or identification
statements.

Type 2:

The assignment of initial values to the program variables by input data
is accomplished with this format. All data values read from these cards
are first stored in the array DATA. The various input variables are then
assigned their respective iniﬁial values by equating the variables to a
specified DATA element. Since the DATA elements are initially set equal
to zero, an input variable will have an initial value of zero unless the
corresponding DATA element is changed by card input. The few exceptions to
this are the indicators discussed in Section D.3,1.1.

The input guantities contained in the six data fields of a data card
are stored co;secutively in the DATA array. Each ;ard contains a subscript
which governs the data position (in the array DATA) of each variable on that
card, The data position of an input variable is obtained by assigning the
first variable on a card a data position equal to the card subscript. Each
following variable, moving from left to right on the card, has a data posi-
tion one increment larger. For example, (Figure D-11), the coefficient of

friction (AMU) has a data position of 119. Thus, a particular data card
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needed to define a given variable is identified by the card subscript.
In the instance of multiple data sets, all of the previous data set
is retained except those quantities changed through reading in cards of
Type 2. However, each data set must contain at least one card of Type 2.
The following describes the required format for the Type 2 input cards.,
Column 2: Read as an integer number with an Il
format, If the value is zero, another
card is regd in the same format., If
_tﬁe vaiue is not zero, the card
represents the last card of Type 2 in
the data set, The last Type 2 card
in a data set must contain a non-zero
value in this column.
Columns 5-7: Read as an integer number with an I3
format, This field represents the
data card subscript for the parti-

cular card.

Columns 10-19, 20-29, Read as a real variable with an
30-39, 4O-L9,
50-59, and E10.5 format. All data values must
60-69:

be input as floating point numbers.
Integer variables are converted
from floating point quantities by

the program,
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Columns 1, 8~9, and These are not read by the program
70-80:
and may be used for comments and
identification statements.

Type 3:

Information on these cards is used when the optional output routine
is desired. This option allows a different variable to temporarily replace
a standard output variable in that variable's output position.

There may be as many as 72 input cards of this type. Each card contains
an idendification name (one to ten characters), a subscript locating the
desired output variable in the program array COMINT, and an indicator
giving the desired print position of the variable.

These data cards have thé following format.

Columns 2-11: The ten characters in these columns
are used as the identification name
for the variable to be printed.

Columns 15-19: Read as an integer number with an
I5 format, This value is the sub=
script of the common array COMINT
location of the desired output
variable (see Appendix E).

Columns 21-25: Read as an integer number with a
I5 format. This value is used to
specify the print position in which

- the desired output variable will be
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printed. The output routine's print

positions are defined in Section D.3.Z2.

Colums 1, 12-14, These positions are not read by the
20, and
26-80: program and may be used for comments

and identification statements.
For a multi-case computer run, if the output format is modified in a
-data set, the succeeding cases will have the same modification unless
changed by their data set. New runs revert to the standard format unless
they are modified by their data set.

D.3.2 OUTPUT DATA

D.3.2.1  Output Quantities. ~ At specified times during the integration
routine, various time ﬁarying quantities defining the landér's positions,
velocities, and accelerations; applied forces and moments; and other items of
interest such as torus pressure, volume, and footprint area are printed. In
addition, an output option is avéilable whereby the standard output variables
may be replaced by other quantities of interest. This procedure is discussed
in detail as Type 3 in Section D.3.1.2( The output information is printed
by a call to the PRINT subroutine, The output format resulting from this
subroutine is discussed more fully in the following Section, D.3.2.2.

Initial output from the program presents the input data read in for the
specified case being considered. Following this information are the weight
and inertia properties of the lander. The time histories describing the

lander's motion are then given.
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Figure D-12 shows the form of the standard heading which appears at the
top of éach page of time history output. The values of the output variables
appear as blocks of data following this heading and are printed in the same
format as the heading. At the top of each block of output, a line of infor-
mation giving the Central Processor (CP) time since the start of the job,
the real time, and the present integration step size is printed. Following
these is the block of output quantities corresponding to the printed value
of real time,

Figure D-13 defines the standard output parameters which are available
in.the program. Also shown are the appropriate units of the variable and
its respective print position. The top line of the output consists of
print positions 1-~12, the second line consists of print positioné 13--24,
and so forth to line six which consists of positions 61-72,

D.3.2.2 Qutput Format. - At the end of specified integration intervals,

the various time history quantities of interest are printed. The print
times are governed by the input indicator KOUNT2. Two formats are available
in the output routine: three lines of output containing 36 variables

(Option 1) or six lines containing 72 variables (Option 2). Option 1 prints
the top three lines of output defined in Figure D-12, while Option 2 prints
all six lines as shown in this figﬂreﬂ The output format is governed by the
input quantity IERPRT.

IERPRT = 0 Print Option 1

IERPRT 1 Print Option 2
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Internally, the subroutine PRINT uses the time history variable's pro-
gram name and the subscript defining the variable's location in the common
array COMINT to print the variable. It is important to note that only real
variables equivalenced in the common array COMINT can Be printed.

When more than one cutoff variable (NCUT>1) is employed with the
variable step Predictor-Corrector integration routine, the time history data
must be carefully evaluated. In this éituation, if the integration error
‘tolerance is exceeded and the integration step size reduced, the output aver
a portion of the previoﬁs real time is repeated. The last time history
quantities listed for a specific real time (T) should be used since they
are the most accurate. This does not occur when only one cutoff parameter
is specified or with the Runge~Kutta or fixed step Predictor-Corrector
integration routines. Program termination for number of bounces (NMBNCS) or
payload clearance is separate and is not counted in NCUT.

Examples of the output format for the various options are shown in
Section D.3.3.

D.3.3 EXAMPLE OF PROGRAM OPERATION - The required input data card for-
mat, resulting print out of the input data, and typical pages of time history
output for two data sets are shown in the following figures. In these two
cases, the torus geometry and initial conditions ére identical, only the
requested output format was changed to show the two available print options.
The inflatable torus baseline design (Section 6,A4) was assumed and the
initial conditions for the landing configuration considered are shown in

Figure D-14.
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EXAMPLE LLANDING CONDITION

Surface Friction: p = 0.25
Isentropic Compression Process (n =k = 1.4)
g = 12.3Ft/Sec?

Ply 1=3, Ply2=3, Ply 3= 2

FABWT = 0.077 Lb/Ft2

SCFWT = 0.132 Lb/F12

RHOP = 56.6 Lb/Ft3

Figure D-14
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Figure D-15 shows the two sets of input data cards. The first case
inputs the physical data and requests the print out to be that of Option'2.
The second case requests Option 1 and the displacements, velocities, and accel-
erations of the lander center of gravity, normally expressed in local surface
coordinates (Xig, Yig, Z1s) are replaced by these quantities defined in the
gravity coordinate system (Xg, Yp, Zg).

It was not necessary to input the physical data again for the second case.
A1l that was required was the resetting of the print indicator (IFRPRT) to
change the print format from Option 2 to Option 1. In addition, the informa-
tion required to change the coordinate system output variables is shown.

A fixed step, Predictor-Coordinator integration routine was used with a
print out at the end of each integration step. The problem was setup to run
as a planar case with the degree of freedom along the lander Y axis and those
about the lander X and Z axes being suppressed. A time history for the first
lander impact was requested.

figures D-16 and D-17 present the inpﬁt data print out and the first page
of time history data for Option 2., This same information for Option 1 is
given in Figures D-18 and D-19. Both time histories show the initial impact
of the lander with the ground.

Approximately 30 seconds were required to compile and load the program.
With the fixed step, Predictor-Corrector routine, 15 to 20 seconds of com-
puter time were required to analyze this twpica} single bounce case, The
Runge-Kutta routine requires additional run time while the variable step,

Predictor-Corrector procedure is the most economical in terms of computer time.
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INFLATABLE TORUS LANDING LOADS & MOTIONS PROGRAM
EXAMPLE INPUT DATA
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INFIATABLE TORUS LANDING LOADS AND MOTIONS PROGRAM

Typical Time History Output Page

Print Option 2

(Example 1)
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INFTATABLE TORUS LANDING LOADS AND MOTIONS PROGRAM

Print Out of Input Data

(Example 2)
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INFLATABLE TORUS LANDING LOADS AND MOTIONS PROGRAM

Typical Time History Output Page

Print Option 1

(Example 2)
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D.4L PROGRAM DESCRIPTION

D.4.1 SUBROUTINES - To facilitate improvements and modifications to
the Inflatable Torus lLanding Loads and Motions Program, the program is
comprised of several subroutines related through a main driving program.
The main program reads and prints the input data, sets up and initializes
the equations of motion, and calls the subroutines in the required order.

A listing of the subroutines used in the program is given in
Figure D-20., Included in this figure are the subroutine names and a
description éf the operations performed by the subroutine. Several sub-
routines have multiple entry points. The purpose of each entry into the
subroutine and the name associated with the entry point are given in
Figufe D-20.

The two subroutines ENVIR and AERO are not used in the current program
make up. They are skeleton routines which have been provided for the possible
inclusion of wind and aerodynamic effects. These two subroutines are not
shown on the program flow chart, Section D.4.2.

The subroutine PCCUT performs the numerical integration of the dynamic
equation of motions. Three integration methods are available in this sub-
routine for solving the equations of motion, These consist of a fourth
order Runge-~Kutta procedure and a variable or fixed step Adams-Moulton
Predictor-Corrector technique. The input variables IVARH and IMI'H govern the
routine used during a particular run. These two quantities are defined in
Figure D-10. All of these integration procedures employ the Runge-Kutta

routine to initialize the numerical routine,
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APPENDIX D

SUBROUTINES IN THE INFLATABLE TORUS LANDING LOADS AND MOTIONS PROGRAM

SUBROUTINE | SUBROUTINE :
OPE
NAME ENTRY POINT SUBROUT INE RATIONS
ENVIR ENVIR Determines wind loads acting on lander.
Currently this routine is not used.
AERO AERO Determines aerodynamic forces acting on lander.
’ Currently this routine is.not used.
PCCUT ~ Numerical Integration Subroutine
LOC Stores the name, cutoff value, and direction indicator of each cutoff
variable for use in the cutoff routine.
INUPD Sets up the parameter list for storage of integrated variables in the
common array COMINT.
SETUP Initialization of subroutine for requested type of integration.
INTEG Performs requested numerical integration method.
CuT Monitors the cutoff variables for possible program termination.
UPDAT Updates the integrated variable list and integration interval
' at the end oftan integration step.
MASS MASS Determines mass and inertia properties of lander.
MASS 1 ~ Determines torus effective mass for a flat landing.
MASS 2 Defermine's torus effective mass for an oblique landing.
LOAD LOAD Determines the magnitude and location of the normal force
due to compressing the torus inflation gas.
PHYS PHYS This entry calls MASS for initial inertia calculations.
PHYS 1 Determines the friction forces and torques acting on the lander.
Relates these plus the normal force to the forces and moments
acting ot lander C.G.
SOLVE SOLVE Solution of simultaneous equations by matrix inversion.
PRIMT PRINT Sets up print routine for optional output.
PRINT 1 Initializes the print routime for Option 1 or Option 2.
PRINT 2 Prints time history variables at specified integration times.

Figure D-20
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The procedures PHYS, LOAD, and MASS are related to the specific geometry
of an impacting inflatable torus, These subroutines obtain the physical
quantities required by the integration routine to solve the dynamic equations.
These quantities include the normal force, friction forces and torgues, forces
and moments at lander center of gravity, and the lander's inertia properties.

The subroutine SOLVE is used to solve a set of simultaneous equations
through a matrix inversion procedure. The subroutine PRINT outputs the time
history variables at specified times during the integratioﬁ procedure,

Information is transferred between the main program and the subroutines
through the common array COMINT. A table defining all the quantities stored
in COMINT is given in Appendix E, This information is useful‘When using the
optional output routine discussed in Section D.3.1.

D.4.2 TIOW DIAGRAM - A flow chart indicating the procgram's general
operation is given in Figure D-21. This diagram is not intended to be a

comprehensive programming chart., Rather it shows the general flow of the

—program logic and indicates the order of operations within the subroutines.
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FLOVW DIAGRAM .
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APPENDIX D
D.4.3 PROGRAM LISTING -~ A complete listing of the Inflatable Torus Land=-
ing Loads and Motions Program is given on the following pages. This listing
is shown in the following order: the main diriving program is presented
first, followed by the eight program subroutines, These routines are written
in Fortran 2.0 language and were designed for machine computation on the

CDC 6400/6600 Computer,
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APPENDIX D
INFIATABLE TORUS ILANDING LOADS AND MOTIONS FPROGRAM

PROGRAM MATIN (INPUTSGUTPUTSTAPES=INPUT s TAPL6=0OUTPUT)
INFLATABLE TORUS LANDING LOADS ANL 5CTIGNS PROGRAM
ASTER AGREEMENTs CONTRACT MNAS1-8137, TASK ORDLR NGs 1
MOCPONNELL COUGLAS ASTRONAUTICS COMPANY, EASTERN DIVISION
DIMENSION XCFI(3)
DIMENSION TFC(3)
DIMENSICN NDATA(300)

UIMENSION XPF(3), XI3(3)y F5(3)
CIMENSION  ANG(3s3)s XLPF(3)
DIMENSTON XS{8) s ING(B)YsXOU( 790} s XulTs19)sX(/51%)

DIMENSION STUKE(3)s GACT(3)s AA(393)s ASVI3s4)sy 5TUKI393) s NSAVIDL)

s DC(19) » TEMP(3,3) » SUMAL(3)
DIMENSION XVF(3)s TR(3,3)s TRL(3s3)y FF(19)sDATA(300)
COMMON COMINTt 600)

EQUIVALENCE ( CCMINT( 1 ) T )
EQUIVALENCE ( COMINT( 2 )s HMAX )
EQUIVALENCE ( COMINT(C 3 ) EMIN }
EQUIVALENCE ( COMINT( 4 )y LMAX )
EQUIVALENCE ( COMINT( 5 )y HZ )
LQUIVALENCE ( COMINT(C 6 ), 1P )
EQUIVALENCE ( COMINT( 7 )s IVARR )
EQUIVALENCL { COMINT( B )}y IMTH )
EQUIVALENCE ( COMINT( 9 ) IPRNT )
EQUIVALENCE ( COMINT( 10 )»s IFIN )
EQUIVALENCE ( COMINT( 11 )s IVAL )
EGQUIVALENCE ( COMINT( 12 )» IPTOTL )
FQUIVALENCE ( COMINT( 13 ) IPTATL )
EQUIVALENCE ( COMINT( 14)s XS }
EQUIVALENCE ( COMINT( 23), IND )
EGUIVALENCE  COMINT( 32 ) X )
EQUIVALENCE ( COMINT(165 }» XD )
EQUIVALENCE ( COMINT (298 ),y XDD )
EQUIVALENCE ( COMINT( 340)s TOTSV )
EQUIVALENCE ( COMINT(341)s PSIL )

EQUIVALENCE ( CUMINT( 342)s TLSV )
EQUIVALENCE ( COMINT( 344)s ZLS )
EQUIVALENCE ( COMINT( 345), PHIL )
EQUIVALENCE ( COMINT( 346)s THETAL )
EQUIVALENCE ( COMINT{( 347}, HMIN )
EQUIVALENCE ( COMINT( 348)y STROKE )
EQUIVALENCE ( COMINT( 349)s SAFS )
CQUIVALENCE ( COMINT( 3249)s SPLLST )
EQUIVALENCE ( COMINT( 356)s SSSAVE )
EQUIVALENCE ( CUMINT( 356)s SPSTTM )
EGUIVALENCE ( COMINT({ 363)s SFSAVL )
EQUIVALENCE ( COMINT( 363), SAVSTZ )
EQUIVALENCE ( COMINT( 370)s SVSAVE )
EQUIVALENCE ( COMINT( 370)s SAVSTI1 )
EQUIVALENCE ( COMINT( 377), SKODUP )
EQUIVALENCE ( COMINT( 3841, CUTERR

)
EQUIVALENCE ( COMINT{( 385), JCUT )
END OF VARIABLE ASSIGNMENT NEEDED FOR PCCUT
NOTICE XS AND IND ARE DIMENSIONIAL ARRAYS OF LENGTH ¢

NOTICE ALL INTEGRATION AND TIME HISTORY VARIABLES MUST

HAVE 7 COMMON LOCATIONS ALLOTED
EQUIVALENCE ( COMINT( 386)s XF )
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MAIN
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VAN
MAN
MAN
MAN
MAN
MAN
MAN
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MAN

MAN
MARN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN

10
20
30
40
50
60
70
80

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560



LQUIVALENCE
EQUIVALENCE
EQUIVALENCE
LQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALLNCE
EQUIVALENCE
EGUIVALENCE
Lwul VALENCE
SGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
cOUIVALENCE
EQUIVALERCE
EQUIVALENCE
EQUIVALENCE
tQUIVALLNCE
ECUIVALENCL
LGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUTVALENCE
LGUTVALENCE
EQUIEVALENCE
QUL VALENCE
EQUTVALENCE
EGQUIVALLNCE
LIUIVALENCE
EQUI VALENCE
LGUIVALENCE
LOUTVALENCE
EQUIVALENCE
EQUIVALLNCE
EGUIVALENCL
EQUIVALENCE
LQUIVALENCE
EQUIVALENCE
CGUL VALENCE
EQUI VALENCE
Leul VALENCE
EGUIVALENCE
EQUIVALLCNCE
EQUIVALENCE
bwo I VALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
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COMINT(
COMINT(
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COMINT(
COMINTH{
COMINT(
COMINT(
CUMINT(
COMINT(
COMINT(
COMINT(
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COMINT(
COMINTH(
COMINT(
COMINT(
COMINT(
CORINT(
COMINT(
COmINT(
CUMINTS
CUMINTH
COMINT(
COMINT(
COMINTH(
COMINT(
COMINT(
CUMINTI(
CORINT(
CU-'al I\T (
COMINTH
CUNTIT(
CumINT(
COMINT(
COMINT L
COMIHT(
COMINT L
COMINTH
CUnINTH
COMINT(
COMINTA
CumIMT(
CUMINT(
COoMINT(
CUMINTH
CUMINT(
COMINT(
CUMINT(
COMINMT(
COmMINTH
COMINT(

387)
388)
389)
3900
391)
392)
3931}
394)
395)
3961
397)
398)
399 )
4001
401)
4020
403)s
404)
405) s
406)
4CT)
408)
409)
4101
4110
412)
413)
W14,
415)
416)
417),
4$18)
G190
420)
421),
422) s
423)
4 74)
42%)
426)
427)
428)
429)
430)
43110
6321
433)
434)
435)
436)
4370,
438)
43G)
G40)
441,
L442)

YF
ZF
XVi
YV
W
sC
GZ
XA
YA
ZA
DL
Xw
YW
Zw
AL
GD
S0
SE
AL
KA
TH
PS
Pl
XX
Yy
e
xn
YN
ZN
Xi
TH
XY
Xz
YZ
UL
XX
Yy
Y4
XY
XZ
YZ
XL
YL
xG
Yii
yAY)
Xu
YO
yav
XL
YL
ZL
NT
NT
NT
IR
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L£56T
KST
I
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I
LTA
1c
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S
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LS
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DLS
ULS
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GKAV
ORAV
GRAV
X

Y

L
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}
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)
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MAIN
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570
580
590
600
610
620
630
640
650
660
670
680

6v0

700
710
120
730
140
150
760
770
760
7190
800
810
820
830
840
850
560
870
880
890
900
910
520
930
540
950
Y60
970
¢80
990

MANLIOOO
MAN1O10
MAaNl0o20
MANLO 30
MAN1O4O
MANLOS0
MANLOEO
MANIOTO
MAN10G0
MANL1090
MANL1I0O
MAML110
MANL129D
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EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
LOQUIVALENCE
EQUIVALENCE
LWUIVALENCE
EQUIVALENCL
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALLNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALERNCE
EQUIVALENCE
EQUIVALENCE
FQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
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COMINT( 443),
COMINT( 444),
COMINT( 445)
COMINT{ 446),
COMINT( 447},
COMINT( 4481),
COMINT( 449),
COMINT( 4501},
COMINT( 451),
COMINT( 452),
COMINT{ 453),
COMINT( 454),
COMINT( 4551},
COMINT( 455),
COMINT( 456)»
COMINT( 457)
CUMINT( 458)
COMINT( 459),
COMINT( 460),
COMINT( 461) >
COMINT( 462)»
COMINT( 463),
COMINT( 464),
COMINT( 465),
COMINT{ 466),
COMINT( 467)»
COMINT( 468)»
COMINT( 469),
CUMINT( 470}
COMINT( 471)»
COMINT( 472),

APPENDIX D

NRY
NRZ

CMMNoUNT >

RHCL
RHOP
TCTGV
FONTT
FGRCE
TORTN
ARTSU
PSTTM
ANGLE
ANGLE)
ANGLE?2
ANGLE3
ARMCM
LLST
RDIA
AU
XKw

£X
DTHE
ACLR
RMNURM
LCSTR1

COMINT (473) 9 TERPRT)

COMINT( 4741),
CCMINT( 475),
COMINT( 4761},
COMINT( 4T7),
COMINT( 478),
COMINT( 479},
COMINT( 480)»
COMINT( 481,
COMINT( 482)
COMINT( 483),
COVINT( 484),
COMINT( 485),
COMINT( 486),
COMINT( 487),
COMINT( 488),
COMINT( 489),
COMINT( 490),
COMINT( 491)»
COMINTL 492),
COMINT( 493),
CUMINT( 494),
COMINT( 495),
COMINT( 4%6),
CUMINT( 497),

RSXCF
PELST
SLOPE
vOoL
R1

K2

R3
THETAT
RS

L
FABWT
PLYL
PLYZ2
PLY3
AF
HYST
Pl

PA
FRIRKA
DISTX
DISTY
PRESS
AF S
SSAVL
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MAN1130
MAN1140
MAN1150
MAN1160
MAN1170

" MAN1180

MAN1190
MAN1200
MAN1210
MANL1220
MAN1230
MAN1240
MAN1250
MANL260
MANL270
MAN1280
MAN1290
MANL300
MAN1310
MAN1320
MAN1330
MAN1340
MAN1350
MAN1360
MANL3T0
MANL 380
MAN1390
MANL4QO
MANL4)DO
MAN1420
MAN1430
MAN1440
MAN1450
MAN1460
MAN1470
MAN148O
MAN1490Q
MAN1S00
MAN1510
MANLD20
MAN1530
MANL540
MANLS S0
MAN1560
MAN1BT0
MAN1580
MAN1590
MANL60O0
KAN16L0
MANL1620
MAN1630
MANL1640
MANLO650
MAN16BO
MANL1570
MAN1680



EGUIVALENCE
EQUIVALENCC
LGQUIVALENCE
ESUIVALENCL
EQUIVALENCL CUMINT
EGUIVALENCE ( Cur INT(
DIMENSTICRED XVFE(2)
FQUIVALENCE ( CUMIKTL 506)»
CIMUNSTONED TKR(3,3)
EQUIVALENCE ( CURIRT( 515)
OIMENSIGNED TRLI(3s3)

COMINITA
CCHMINT
COMINTA
CemlnT(

498) 9
699},
5C0)»
501)»
502)
S503)

— e =~ -~

FQUIVALENCE ( CONMINT( 5241,
DIMENSIGNED FF(19)
EQUIVALENCE ( CCHINTL 5473),
SIMENSIGNER XEF(3)
CGUIVALENCE ( CONTHTL S461)
CTHLNSTONLD XC3(3)
EQUIVALENCL ( COMINTU 545)

GIMENSION FS(3)
LGUIVALLNCE ( COMINT( 552),
EQUIVALENCE { COMINT( 552),
EQUIVALERCE ( COMINT( 5540,
FQUIVALENCE ( COMIMT( 5%5),
LGUIVALENCE ( COMIMT( 556},
EQUIVALFNCE ( COMINT( 5571,
EQUIVALLNCE { COMINT( 558),
CQGUIVALENCE ( CORINT( 559,
EQUIVALLACE ( COMINTL 560)
EGUIVALENCE ( COMINT( 5610
LQUIVALENCE ( COMINI( 562),
EQUIVALLRCF ( CUGRINT( 563),
EQUIVALENCE { COMINI( 564),
EQUIVALENCE ( COMINT( 565)
EQUIVALERCE ( CUMINT( 566),
EQUIVALENCE ( COMILT( 567)
EGUIVALENCE ( COMINT( 5681,

LGUIVALENCE ( COMINT(-5691)
DIMENSIONED XLPEF(3)
EQUIVALENCE ( COMINT( 572)»
DIMENSICNED ARG(343)
cQUIVALENCE { CUMINT( 581),
EGUIVALENCE ( CUMINT( H82)
DIMENSIONLD GACC(3)
EQUIVALLNCE ( COMINT( 585)
EQUIVALENCE ( COMINT( 586)

UIMLNSIQONED TFC(3)
FQUIVALERCE { COMINT(
CQUIVALENCE ( COMINT(
ECQUIVALENCE ( COMINT(

DIMENSIONLD XCF(3)
EQUIVALENCE ( CGMINT( S594),
EQUIVALENCE ( CUMINT( 595)
DATA EOD 7/ 10HFOUD /
DATA DATA / 300%0.0 /
DATA (NUDATA(I),1=1,90) /

1 6dIP s 6HIVARH s 6HIMTH

569)
590) s
591)

APPENDIX D

FSAVE )
VSAVE )
KODEUP )
GASCNT )
IFLAT )
XVtE }

Th )

TRL )

XPF )
XCuw )
FS }

& )
XMACH )
SCUND )
FIFLAT )
MMIC )
SIGMA )
GAMA )
SAVSTL )
S5AVSTA )
DZGRAL )
ANOLDL )
AroLizg )
ANGLES )
PLTHAS )
PLTRAL )
MMENCS )
COUNTZ2 )
XLPF }

ANG )

VMIN )
GACC )

STREF )
TFC )

RAV }
FRICT )
XCF )

POW )
RSACR )

y OHEMAX.

’

oHtMIN

y OHHMIN

’

MANLSD0
MAKLT00Q
MANLT10
MANLT720
MANL 750
MthYQO
VMANLTOOU
MANL 160
MANLT7 70

- MANL1TBO

MAN1790
MANL1UYOO
MANLSE10
MARNL1820
MAN1B30
MAINLB4O
MARLIDB50
MAN1G660
MAKLBT0
MARNlo80
MANLBGO
MANL?OO
MAN1Y10
MAN1I920
MANLY3D
MANL94C
MANLYSO
MAlL Y60
MANLYTO
MAalNLYo0
[MANLYS0
MANZOQO
MANZ2010
MANZ020
MANZ2030
MANZQ4Q
MANZOY0
MANZOGD
MANZQTO
MANZOBO
MANZ2090
MANZ1OD
MANcL10

MiN2120

MANZ2130
MAINZ 140
MANZ21%0
MAN2160
MANZ1T0
MAN2130
MANZ2190
MANZZ00
MAN2210
MANZZ220
MANZ230
MANZ2Z240
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6HNTX y O6HNTY s 6HNTZ s 6HKRX y GHNRY ’
6HMMI C sy O6HNCUT y 6HIERPRT s 61 s OH ’
6HT s 6HT s 6H s 6H s 6H s
6HTOTSYV » 6HTOTSV » 6H sy 6H s 6H s
GHXD (919 6HXD(519s 6H s 6H s OH ’
6HTLSY s 6HTLSY 9 6H s 6H s SH ’
O6HZLS y HHZLS y 6h s 6h s O ’
6HPHIL s 6HPHIL s 6H s 64 s Ot s
ONTHETALY O6HTHLTALSs 64 s OH s OH ’
6nbolIL y OHPSIL s 6H s OH s OH s
6rlT s GHHMAX 9 GEHKOUNTZs 6HNMBNCSs 6% ’
6HXF s OHXVF(1)s 6RYF s O6HAVF (2)y bi1LF s
6HPHI s HHPHIL s SHTHETA o O6HTHETADs 61PSI ’
6HRANOL 9 6HSLCPE o 6H s &H s Gl [}
DATA (MDATA(L)s1=91.132) /
6 » 6H y 6H s 6H s OH s
6H s 6H s 6HICFWT o4 BHA y OH B )
61> s OHL s bHF s 6HG y OHRAOL N
6HFCW s HHIXSHCR s SHVYMIK s OHkDLIA v BiioX ’
G6HRNCRN, 3y 6HALLKK  » 6huel. ST s 6GRHLESTRs ohAMU s
OHFALWRT » OGRHPLYL o OHAFLYZ s 6APLYS3 s oFRL »
GEHHYST v 6riPl s E6HPA e OGHPLTWASe O6HPLTIKAL
ALL DATA READ ARv MANUPULATIuie PLUS LATTIALIZATION

INITIAL CUNL.
DO 16 1=1,468
NSAVITY=0
LXPN=R

WRITE (64+1150)
DO 2T I=14600
COMINT(1)=0.D
NN=Q

LF (KXPN) 40270940

OC 6¢ I=1sKXPHK

IF (NSAVIT)) 5Ds0Cab0
NN=NN+

CONTINGE

NGO=0

hikt

1=1+3
LEAVE COLUMN

READ (991200)

IF (ECF»2) 805990

WPITE (6451213)

STOR

WRITE (6+,1200)

ReAU (5sl1220)

KLOCE=NLUCES

wRITE (651230) (NODATACTL) s I=NLOULsNLU L)

It ((NLUC—=12eLEel) s URe {NLUC=561eGTe0))

ARITE (64+12640)

GO 110 1=148

IF (NLOCLEQ«NSAVII)) &0 TG

COMTIANUL

ONL

GLANK

NSIPoMLUCsZL L9 ZU29du3sduvtaslubslub

Gu TU 120

12¢

NM=MN+1
MSAVINN) =NLCC
WRITL (6+1250) NLGCCeZD1s2U2 i 39LUbyZubslid0

VATAINLOC)=20ul

6rNRZ
&5H

S5

6H

&H

6H

on

on

6H

[$1a]

6
6HXVE (3)
OHPSID
[}

61

6HC
OnRHOP
SruTrt
OGHXK Y
oHKS

bhiaASCNT
AN JOEF Heels

L A

MANZ2250
FMAN2260
MAaN2270..
MAN2230
MANZ290
MiaN2300
MANZ3190
HMALZ320
MahNe 330
MANZS340
MANZ23DHO
MANZ360
MANZ3TO
JMHARZ 380
MANZ390
MANZ4OO
MANZGYIO0
MANZL4 20
Vo243
MANLALO
MANSG DD
IV ANCHO0
Nalh24T70D
FAMNCGED
Y ANCGID
MANZE 50
MANZH]10
MARZE2D
Miey29530 0
MANZD S0
MANZDED
MANZDTO
Midne 500
MANZUY0
h .'"thi)oc
MAR2610
FANZG20D
MALZEOHED
A2 640
MANLOHS0
MainZob0
MANZOTO
Mot
MARZDI0
vl 00
bliive 1 10
Az 120
w2730
i 140
MANETH0
Ntz 760
MANZTT0
MANZ T80
MANZ T30

" ; Y
MAanZoCO




140

150

APPENDIX D

DATA(NLOC+1)=2D2
DATA(NLOC+2)=2D3
DATA(NLOC+31=2D4
DATA(INLOC+4)=2D5
DATA(INLOC+5)=20D6
IF (NSTP.EQ.0) GU TO 100
NCUT=DATA(14)+.1
IF (NCUTeNE-O) GO TO 130
WRITE (651260)
STOP
INPUT CHANGE OF PRINT VARIABLES
ANY VARTABLE IN COMMON CAN BE PRlNTED B8Y CARD OPTION
READ (591270) VNAME s LCOMONSLPRINT
COLUMN ONE OF DATA CARD 1S USED FOR SPACING CONTROL
IF (VNAMELEQJ.EOD) GO TO 140
WRITE (651280) LPRINTsLCOMON)»VNAME
CALL PRINT (VNAME,LCOMONsLPRINT)
GO TO 130
WRITE (651290) VNAME
IP=DATA({1)+.1
HMAX=DATA(68)
HMIN=DATA(6)
IF (HMIN+EQsQeO) HMIN= HMAX*Z.**(—16)

-DEGRAD=5742957795131

IPTATL=0
IPTOTL=0
INDACL=0
CUTERR=+0001
NCONST=1
INDBAC=0
ACLR=0.0
LDSTR1=0
TERPRT=DATA(15)
NMBNCS=DATA(70)
IF (NMBNCS.EQ«Q) NMBNCS=100
NMBNC=0
STREF=DATA(98)
SCFWT=DATA{99)
A=DATA(100)
B=DATA({101)
C=DATA(102)
D=DATA(103)
E=DATA(104)
F=DATA(105)
G=DATA(106)
RHOL=DATA(107)
RHOP=DATA(108)
IF (DATA(111).NE«Q) GO TO 150
WRITE (6+1300)
SToP
POW=DATA(109)
RSHCR=UDATA{110)}
VMIN=DATA(111)
ROIA=DATA(112)
DX=DATA(113)
DTHE=DATA(114)

MAN2810

MANZ2820-

MANZ830
MANZ2840
MANZ650
MANZB6O

 MAN2870

MANZ2880
MAN2890
MAN2900
MANZ2910
MAN2920
MAN2930
MAN2940
MAN2950
MANZ960
MAN2970
MANZ2980
MAN2990
MAN3000
MAN3010
MAN3020
MAN3030
MAN3040
MAN3050
MAN3060
MAN3070
MAN3080
MAN3090
MAN3100
MAN3110
MAN3120
MAN3130
MAN3140
MAN3150
MAN3160
MAN3170
MAN3180
MAN3190
MAN3200
MAN3210
MAN3220
MAN3230
MAN3240
MAN3250
MAN3260
MAN3270
MAN3280
MAN3290
MAN3300
MAN3310
MAN3320
MAN3330
MAN3340
MAN3350
MAN3360
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IF (DTHEeLEbe0+0) THE=,03
RNORM=DATA(115)
ELST=DATA(117)
AMU=DATA(119)
XKW=UATA(120)
INFLATABCL OUATA ITiMS
FABWT=DATA(121)
PLY1=DATA(122)
PLY2=DATA(123)
PLY3=DATA{124)
RL=DATA(125)
RS=DATA(126)
HYST=DATA(127)
PI=DATA(128)
PA=DATA(129)
PLTMAS=DATA(130)
PLTRAD=UATA(131)
GASCNT=DATA1132)
IVARH=DATA(2)+41
IMTH=DATA(3)+e1
EMAX=DATA (4)
EMIN=DATA(S5)
IF (EMAXWsEGQe0+0) FMAX=1oL-4
IF (EMINeEQeDs0) EMIN=1et-6
NTX=DATA(7)+41
NTY=DATA(8)+,1
NTZ=DATA(9)+,1
NRX=DATA(10)+.1
NRY=DATA(11)+.1
NRZ=DATA(12)+.1
MMIC=DATA(13)+.1
T=DATA(6T)
KOUNT2=DATA(69)+01
XOUNT1=KOUNT2-1
XF=DATAL73)
XVF(1)=DATA(T74)
YF=DATA(75)
XVF (Z)=DATA(T76)
ZF=DATA(TT)
XVF(3)=DATA(78)
RANGE=DATA(85)
SLOPE=DATA(86)
PHI=DATA(79)
PHIP=PHI
XD(1s4)=CATA(8D)
THETA=DATA(B81)
XD(1s5)=DATA(82)
PSI=DATA(83)
PSiP=PSI
XD{1+6)=UATA(BSG)
DEFINE CUTOFF VARIABLES BY CALL TO LGC
THE FIRST EIGHT CUTOFF VARIABLES ARE UEFINED by INPUT
STROKE IS USED FOR STAGING AT TOUCH DOWN AND LIFT CFF

DO 250 J=1,8

IF (NSAV(J}) 16092504160
LOCA=(NSAV(J}-13)/6

MAN3Z 10
MAN3 380
MAN3 390
MAN3400
MAN3410
MAN3420
MAN3430
MAN3440
MAN3450
MAN3460
MAN3470
MAN3480
MAN3490
MAN3500
MAN3510
MAN3520
MAN3530
MAN3540
MAN3550
MAN3560
tAAN3570
MAN3580
MAN3590
MAN3600
MAN3610
MAN3620
MAN3630
MAN3640
YAN3650
MAN3660
MAN3670
MAN3680
MAN3690
MAN3700
MAN3710
MAN3720
MAN3T30
MAN3T740
MAN3750
MAN3T60
MAN3T70
MAN3T780
MAR3T790
MAN3800
MAN3810
MAN3820
MAN3830
MAN3840
MAN3850
MAN3860
MAN3870
MAN36EOQ
MAN3890
MAN3900
MAN3910
MAN3920



APPENDIX D

GO TO (17041805190:200+21052203230+24G)s LOCA MARN3930
172 CALL LOC (1s6HT sDATA(L19) sDATA(20)) MAN3940
GO TO 25C MAN3950
180 CALL LOC (340s6HTOTSV »DATALIZ25) DATA(Z6)) MAN3960
GO TO 250 MaN39 /10
190 CALL LOC (291+6mXU(19 SsUATA(S31)yUATA(32)) MAN3Y80
GO TO 25¢C MAN3990
200 CALL LOC (342,6r0TLEY  SDATA(37),,DATA(38)) MANGQOO0
GO T 250 MAN4QLO
210 CALL LOC (344,46HZLS +DATA(43) WDATALY)) MAN4Q20
GG TO 250 MAN4030
220 CALL LOT (1B6sE&HPHID sDATA(49),DATA(S50)) MANG Q4O
GO TO 2%0 : MAN4050
230 CALL LOC (193+s6HTHETADSDATA(S55)2DATA(L6Y) MANG4O 60
6O TO 250 MANGOTO
240 CALL LOC (200+61PSID  sDATA(61) +DATALG2)) MAN40B0
250 CONTIMUE MAN4O9I0
CALL LOC (348+s6HSTRUKESQ+0s0) MANG 100
LOCSTR=IPTATL MAN4L110
KXPN=1 MAN4120
C IF IV=1CONSTANT TNTERVAL INTEGKATION, 1Vv=0 VARIbLE INTERVAL MAN& 130
GZ2=160137E=11¥PLTMAS/(—-2ZF+PLTRAD ) *%2 MAN4 140
CALL PRINTI MANG150
CALL PHYS MAN4160
WTLECRTH=XMASST#32. 147 MANG 170
WNTPLNT=XMASSTXGZ MAN4160
WRITE (651310) WIERTHswWTPLNT MAN4 190

WRITE (6+1320) : MANG200
WRITE (651330) XXIoXYT s XXIDsXYIDsYYLsXZI sYYIUWR2ZIUZZ1sYZ1 922105 YZNANGZ1O

110 MAN4220
CALL AERC MAN4G230

CALL ENVIR MANG 240
X(1s6)=PHI/GEGRAD MANG250
X(1+5)=THETA/UEGRAD MANG2 60
X(156)=PST/DEGRAD MANG270
C5=COSIX(1+6)) MANG280
CT=COS{X(15)) MANG290
CP=COS(X{1ls4)) MAN4300
SP=SIN(X(1s4)) MAN4310
ST=SIN(X{(145)) MARN4320
65=SINIX(126)) MANG330
CSLP=CCS (SLLPE /DLGKAD) MANG 340
SSLP=SIN(SLOPE /GLGRAD) MAN4350

ir (AUBSIX(136)—14570795632068)ebcelel=8) GO TU 200 MAKG360
CP=0.0 MAN4370

260 IF (ABS(X(155)~145707963268)+GEelal~b) GO TO 270 MAN4380
CT=0.0 MAN4390

270 IF (ABSIX(1:6)=1e5707962268)eGLalel=8) GO TO 280 MANG 400
C5=0.0 MAN4410

280  CONTINUE MANG420
TR(1+1)=CS5%CT MANG430
TR(2511=CT%#56 MANG &40
TR(2+1)==ST MANGH 50

- -TR(192)==SS*#CF+CS*GTHSP MANG44 60
TR(252)=CS*CP+SSESP*ST MAN44T0
TR{3+2)=CT%5P MAN4480

319



320

290

06

210
azn

"APPENDIX D

TRIY1»3)=CSRSTH*CP+SS5# 5P
TR(U2+3)=55#STHCP-(S*SP
TR{3+3)=CT*#CP

TRL(1+1)=TR(151)

TRL(1+2)=TR(1s2)

TRL(1s3)=TR(1s3)
TRL(291)=TR(291)%#CSLP-TR(3+1)*SSLP
TRL(2+2)=TR(2+2)#CSLP=TR(32}%5SLP
TRL(2+3)=TR{293)¥CSLP-TR(393)*¥3SLP
TRL(3s1)=TR(2s1)¥SSLP+TR(3,1)*¥CSLP
TRL{3s2)=TR(2+2)#SSLP+TR(3+2)#CSLP
TRL{353)=TR(293)*%¥SSLP+TR(3+3)#CSLP
XLS=XF

YLS=YF*¥CSLP-ZF*SSLP
2ZLS=YFXSSLP+2F¥(SLP

XDLS=XVF (1)

TULS=XVF (2)#CSLP-XVF(3)*SSLP
ZDLS=XVF (2 )%¥SSLP+XVF(3)*#CSLP
XLGRAV=0.

YLORAV=—GZ*SSLP

ZLGRAV=GZ*CSLP

DO 300 I=1+3

x(l’l )201

SUMAA=Q.

DO 290 J=1+3

SUMAA= SUMAA+TR (J T Y EXVF (J)
XD(1s1)=SUMAA

X{1e7)=TR(11)

X{1:s8)=T(2s1)

X{1s9)=TR(341)

X{1s10)=TR{1,42)

X{1911)1=TR(242)

X(1912)=TR(3,2)

X(1+13)=TR(1,3)

X(1914)=TR(2,43)

X{15151=TR (3,3}

Xt{1y16)=XF

X{1s17)1=YF

X(lelg)=ZF

X(1s19)=RANGE

IF (NTXeNCoC) XD(1s1)=000

IF (NTYeNE«Q) XU{(1s2)=0.0C

IF (NTZeNELC) XD(1+3)=0.0

[F (NRXeNELG) XUlLly4)=0.0

IF (NRY«iNtaO) XD(1ls5)=040

I1F (NRZeNFeQ) XO(1+6)=0e0

ALT=-2F

XNUMBE=TRL(3,1)

IF (ABSIXNUMB)~1e) 32053209310
XNUMB = XRU L/ ARS EXMUME)
THETAL==ASTIN({XNU) ¥DEGRAC

IF (ABSITRLIIZs1)I+ANSITRLIL1+1))+ABSISLUPE) «NL«QWe0) v TO 330
PSIL=PSI :

PHIL=PHI

e TO 340
FSIL=ATANZ(TRL(2s1) s TRL (L s1))¥urLOrAD

MAN4490
MAN4500
MAN4510
MANGS20
MAN4530
MAN4540
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MAN4560
MAN&4Y 70
MANSS 60O
MAN4590
MAN4600
MAN4610
MAN4620
MANGO30
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MAN466Q
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MANGOBO
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MAN4T10
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MAN4T30
MANGT 40
MANGT50
MANGT60
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MAN4TBO
MANG 790
MANGB0O
MaiNGs10
MG 520
YANGB30
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MANGHES0
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MARGBTO

T OMANGBEQ

Miana by 0
MAN49Q0

- MANGSL0
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Manv010
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PHIL=ATAN2(TRL(392)»TRL(353))*¥DLGRAD
TOTSV=SQRT{XDLS*#2+YDLS*#2+ZDLS*%*2 )
TOTOV=SQRT(XVF (L) ¥#24+XVF (2)¥%2+XVF(3)%#2)
CON1=TOTGV+1,L~10

GAMA=ASIN(=XVF (3)/CONL1) *¥DEGRAD

IF (XVF(2)) 370+350,370

IF (XVFLLY) 370+3604+370

SIGMA=Q.

60 TO 380

CSIGMA=ATANZ (XVF(2)sXVE (1) )*DEGRAD

CALL SETUP
NN=6
LO 400 I=1,6
NN=NN+1
IF (DATA(NN)) 40093905400
IRLM=(1-1)%7
CALL INUPD (165+I1RLM)
CALL IMUPD (298+1rRLM)
CONTINUE
DO 410 I1=7,19
IRLM=(I-1)%7
CALL INUPD (32+IRLM)
CALL INUPD (165+IRL)
CONTINLE
PLACL  TIFE ~ISTORY VARIABLES IN INTEGRATTUN PARAMETEKR LIST
PURPUSE TU CONTRUL VARKTAoLES WitEhy INTLORATIUN LACKS UP
CELL INUPD (349)
CALL INUPD (3%6)
CALL INUPD (363)
CALL TRUPD (370)
CALL INUPD (377) ‘
CALCULATE ALL HIUKEST DELRIVATIVLS FOR ¢.ACH cQUATION
DO 430 1=1,19
FFIT)=0.0
GZ2=164137FE-11%PLTHAS/{—ZF+PLTHAD)¥%2
XAG=X{1s9)%GZ
YAG=X(1912) %062
ZAG=X(1+15) %L
CALL PHYS1
CALL AERO1L
XN=FF(1)/(XMASGT*32,147)
YN=FF{2)/ (XVASST#22,147)
IN=FF(2)/ (XMASAT*324147)
XOOD(Le1)=FF (1) /XMASSTHXU (1 92)%X0(196)=XU(143)1%XD(1y2)+XAL
XOD{Y1s2)=TF{2)/XMACST=XU (1o )¥XDI1 96 )+XD(1,3)%XD()44)+YAG
XCCL193)=FF (3) 7XRNASHT+HXU (121 )% XL (1) =Xu(1sa)*XL(1s2)+2ZA0
G TO (440,490 ) s NTUNST
LE (07 IC) 4604653546400
NCONET=2
GO TO 470
TEMP(151)=XXID
TEMP(1s2)==XYID

TEMP({193)==X/71D

TEMP(2,1)==XYID
TEMP(2,2)=YYID
TEMP(23)==YZI[D

MAN5050
MANS5060
MANS070
MAN5080
MAN5090
MANS100
MAN5110
MAN5120

‘MAND130

MAN5140
MANS150
MAND160
MANS1 70
MANL1480
MANS190
MANS5200
MANS5210
MANS220
MANS230
MANS5240
MANS 250
MAND 260
MANS 270
MAND 280
MANRSZ90
MANS 300
MAND310
MARND320
MAND330
MAND 34D
MANS360
MANL 360
MANS3T0
MANDL 380
MAND 390
MARD4QU
ManD 410
MANDL420
MARS4 30
MANSL 40
MANS 450
MAND460
MANDS4TD
AN 430
MANDL4QQ
MAND 500
MANDL10
MANDH20
MiNDD 30
MAND DA
MANS550
MANDS60
MANDSTO
MANS580
MANDSH90
MANS6C0
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ToMP (3451 )==X21D

TEMP(2,2)==Y210

TEMP(3,3)=221V

AALLs1)=XXI

AA(192)=~XY1

AA(Ll93)=-X21

AN(25]1)=-XY1

AA(252)=YY]

AA(2+3)==Y2]1]

AA(3,1)==X21

AA(392)=~Y21

AA(343)=221

DO 450 1=1,3

DO 48C J=1+3

ASVITLJ)=AA(TsJ)

CALL SOLVE (ASVsSTORSSUML93,40)
XOD(Ysd)=ASV{Iy1)%FF(4)+ASY (1 Z2)XFF(5)+ASV (1 43)¥FF (D)
XDD(1eb)=ASV(2 1) ¥FF (4 ) +ASV(242)¥FTF (L) +ASV L 3)%*FF (0)
XDDO(196)=ASV{3 4 1) #FF(4)+ASV (35 2) %P (0} +a85V 243V %7 F (b))
IF (MMIC) 50055404500

DO 52C [=143

DO 51C J=1+3

SUMA(U) =0,

DO 510 K=1s3
SUMALJ)=SUMA(JYHASVIJIKIXTEMP(Ks )
DO 520 L=1,3

TEMP{LsI)=5UMA(L)

N=3

DO 530 [=153

N=N+1

DO 530 J=1+3
XOD(1aN)=XDO(LoN)I=TEMP{1 3J)%¥XD(1yJ+3)
DO 550 1=1,+3

TEMP({IsI)=00

TEMP(1421==X0U(1s6)
TEMP(1s3)=XD(1,5)
TEMP(2,1)=XD(1sb)
TEMP{23:3)==XL(1s4)
TEMP{3+1)==XD{1s+5)
1EMP{3,2)=X0(194)

BC 570 1=1+3

D0 560 J=1,+3

SUMA(J) =0,

DO 560 K=1,3
SUMA(J)=SUMA (I +ASVIJyKI¥TEMP (K1)
CO 570 L=1,3

TEMP (L I)=SUMA(L)

DO 590 1=1.3

DO 580 J=143

SUMA(J)=0.

DO 580 K=1,3
SUMA(J)I=SUMA(J)*TEMP (1K) ¥AA(KJ)
DO 590 L=1+3 ‘
TEMP(IsL)=5UMA(L)

N=3

DO 600 I=1,3

MAalbH610
Maiso20
MARLDL30
b6 40
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MANS810
MANDE20
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MANS350
MANS L 60
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MANS B30
MANS900
MANDI10
MANS 520
MANDS 930
MAN5940
MAND950
MANS5560
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MANDS Y0
MANLO00
MANOOLO
MANGD 20D
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MANO0OGO
MAN6OS0
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MANGDBO
MANLO90O
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MANG110
MANOGL120
MANGL1 30
MANO6140
MAN6150
MAN6160
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N=N+1

LO 670 J=1,3

XOG {1 aN)=XDO(L sNI=TEMP (1) #XD(1sJ+3)
LO 690G 1=1,46

GO TU (6105620+63046406%03660) 1

IF (NTXebllweD) 670650

IF (NTYeLWe0) 6/G»680

IF (NTZeLWe0) 6705600

IF (NRX«EGeNN) 6704680

IF (NRYetGeQ) 6705680

IF (NRZ.EQeD) 670,680

IRLM=(I-1)x7

CALL INTEG (2YB+1RLMy165+IRLM)

GO TG 690

XC(1s1)=0.0

XOD(lsl)=0en

CONTINUE
XDC1a7)=XDlIs0) X (1 0)=XD(1s2)#X (1,15}
XLE(T8)=XDl1s0)*¥X(1s]11)-Xo(195)%X(114)
XD(159)1=XDU1+0)1 %X (1+12)-XL{1s5)#X(1yl5)
XOC1s10)=XD{1s4)%X{1s13)-XU{196)¥X(1s7)
XG(1911)=XDl1ls4)®X{1s1b)-20(1s6)%¥X(1s0)
YO(1912)=2XD(1a4) %X 1315)=XD{1s6)}¥X (1Y)
AD0Ys13)=XELLs5)8X{1s7)=XD(1s4)¥X(1,10)
XECTo1a4)=XDULsS)RX (158 =XU(194)%X(1411)
XD(1s15)=XD{loD)¥X{1s59)-XO(1ah}#*X(1,412)
DO 720 I=7515 ’

IRLM=(1-1)%7

CALL INTEG (165+IRLNMs32+IKLM)

CONTINUE

IF (1IFIK) 7405710740

IF (LVvAL) T740,7205/720

DC 730 1=7,15

N=1-06

OCINY=X(1,1)

MANGL1TO
MANGH 180
MAKGLS0
MANO200
MANGZL1D
6220
MARLZ 30
MANOZ240Q
MAMO250
MANG6260
MANG27D
MANGZ2BD
MANGZ290
MANO300
MANOGI310
MARG320
Malo 330
MANG340
MANOE50
MARNOG360
MARKG 370
MANS380
MANG390
MANG40OO
MARNG410
MARNG42Q
MANO4 30
NANL440
MANo450
MANDS4 60
MaNG4 T0
MaNo 40
HMANG490
MAN6500
MANOS10

DELT1=DC(l)*Dt(5)*ﬁCk9)+EC(3)*UC(4)*UC(S)+DC(2)*DC(6)*DC(7)—D((3)*MAN6520

IDCIEY*LCLT)=DC(2)¥DC(4)*¥DC(9)=DC(1)*DC(6) *¥DC(8)
X{1s7)=e 8% (CCLLIYH(ECUH)I*DTUI)-2CI8)YRLC(6 Y)Y /LT
XUIsB)=e5¥(LCI2)VH(CLTIHDCIH6)-DCI4)2#3T(Y) ) /LLLT])
X1y @) =e 5¥(0CI3)H(BC4YRDUIBI=DL(7)*¥0C (5} ) /DLLT)
X(1910)=e5% (DC{4)+(DC{BI*DA(3)-DC(21F0{Y) ) /LFELTY)
X1 l1)=e 0¥ (DCHIH(DCE D) *LCY)=CCIT)¥uC3) ) /ELTL)
X(1912)=e 5% (CCIH)Y+(LCL ) *0C(2)-DCE) ¥ C(1) ) /uelT)
X{1a13)=e 8% (DC(T)+H{ICL2)¥C(6)-0T{S)I*#LC(3) ) /ULLTl)
X{1slb)=e5%(LC(B)+{(LCa)#LC(3)~-LC(1)*ul(6))/0LLTYL)
X(1315)=e 5% (DCINI+(CCLLI*¥OC(5)-0C4)FUCI2))/DLLTY)

TR(141)=X(1s7)
TR(251)=X(1+8)
TR{2+,1)=X(1,9)
TR(1+2)=X(1s10)
T{2+2)=X(1s11)
TR(3+2)=X(1s12)
TR{1s3)=X(1s13)
TTR(293)1=X(1514)
TR(3+3)=X(1s15)
TRL(151)=TR(1s1)

MANG6530
MAN6540
MANG6S550
MANG560
MANOSTO
MANRGEL B0
MANG6590
MAN6 QD
MANGG610
MAN6620
MANGE30
MANBO4LO
MANG650
MAN6660
MAN6G6TO
MANG68B0
MAN669O
MANGT00
MARNG6TL1O0
MANLT720

323
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TRL(1+2)=TR(152)

TRL{153)=TR(1,3} :
TRL(2s1)=TR(2+1)#CSLP-TR(3,1)%*SSLP
TRL{252)=TR{2s2)#CSLP-TR(3,2)#SSLP
TRL(2+3)=TR(2»3)*CSLP-TR(343)%S5SLP
TRL(391)=TR(2s1)*¥SSLP+TR(3,1)*CSLP
TRL{392)=TR(252)%SSLP+TR(342)%CSLP
TRL(393)=TR(293)#SSLP+TR(3,43)}%CSLP
DO 770 J=1,3

CONT1=0+C

CONTZ2=040

DC 760 I=1+3
CONT1=CONTI+TR(IsJ)=TR(1,J)
CONT2=CONTZ2+TRL(TsJ}¥TRL(T 4 )

IF (AES(TR(1sJ))slLEsle) GO TO 750
WRITE (6+1340) I1+J,TR({1sJ)

IF (ABS(TRL(IsJ))elLEsle) GO TO 760
WRITE (64+1350) I+JsTRL(I )
COMTINUE

CONT1=SURT(CONTL)
CONT2=SGRT(CONT2)

DO 770 K=1+3

TRIK»JI=TR(KsJ)/CUNT1
TRL{KsJ)=TRL(KyJ) /CUNT?2

Mv=15

DO 790 I=1+3

NX=NX+1

XE(1lsNX)=04

DO 780 J=143
XD(LaNX)=XD(LsNXI+TRIT s J)*¥XT(1sJ)
XVE(1)=XU(1sNX)
TOTOV=SQRTIXVE (L) *#2+XVE (2) ¥ X 2+XVF (3)%%2)
XDLS=XVF{1)

YOLS=XVF (2)#CSLP-XVE(3)#85LP
ZOLS=XVF (2) %SSLP+XVF(3) *(CSLP
TOTSV=SURT(XDLS**¥24YDLSHX 24701 5%%2)
CON1=TOTSV+1.E~10
ANG1=ASIN(-ZDLS/CONT)
XD(1+19)=TOTSV*#COS(ANG1)

IF (INDBACNE.O) GC TO B10

DO 8020 I=16+19

IRLM=(1-1)%7

CALL INTEG (165+IRL"s32+IRLM)
CONTINUF

Lo 820 I=1.3

GACC(1)=0.

DO 820 J=1,3
GACCHINI=0GACC Y HXDD (L JIXTRIT»J)
XDDLS=GACC( 1) .
YODLS=GACC{ 21 ¥ CSLP-GACC(3)*55LP
ZDDLS=GACC(2)*¥SSLP+GACC (3)*#CSLP
XNUME=TR(3,1)

XNUMEL=TRL(3,1)

IF (AUSIXNUME)=1e¢) B40s8405-830
XNUMB = XNUMB ZABS { XNUMB)
THETA=-ASINUIXNUME) *DLEGRADC

MAN6730
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IF (ASS(XNUMBL)I-1e) B60+860+850
XNUMBL =XNUMBL /ABS ( XNUMLL )
THETAL=—-ASIN(XNUMBL } #*DEGRAD

IF (ABS{TR(2y1))+ABS(TR{1s1))«NE«0Os0O) GO TO 870
ICONT=PHIP/ 70

PHI=90+*%ICONT

JCONT=PSIP/70.

PSI=90.*ICONT

IF (SLOPE«NE.C.C} GO TO 880
PSIL=PSI ‘

PHIL=PHI

GO TO 890

PSI=ATAN2 (TR(251)sTR{1s1))*0cGRAD
PHI=ATANZ (TR(3+2)sTR(3,3) 1 ¥DEGKAD
PSTL=ATANZ?(TRL(291)sTRL(11))*DEGRAD
PHIL=ATANZ2(TRL(3s2)sTRL{3453))*DEGRAD
CON1=TOTGV+1.F-1C

PSIP=PSI

PHIP=PHI
GAMA=ASTIN(=-XVF {3} /CON1) *DEGRAD

IF (XVF(2)) 920,900,920

IF {XVF(1)) 920:9¥10,925

SIOMA=0e

GO0 TO 930
SIGMA=ATANR (XVF(Z2) s XVF(1))*SEGRAD
ALT=-=X(1+18)

RANGE=X(1+19)

XF=X{15,16)

YF=X{1+17)

ZF=X{1518)

XLS=XF

YLG=YFRCSLP-2F*55LP
ZLS=YF*SSLP+ZE®CSLP

TLOV=SURT (XLGR*2+YLS¥*¥2)

I (INDEACLLO.D) GU TU Y40

RESLT SAVCED TIML mISTURY VAKRIASLE Ful Arfs STRUALS

AND KQueul

FSAVE=SFSAVL
VSAVE=SVSAVE
KCUEUP=SKODUP
INDBAC=D

GC TO 4290

IF (IFIN) 9509950,980

IVAL «LTe O IMPLIES INTEGRATION oACKUP Uil varlioslc

IF (IVAL) 970+9604950
rOUNT1=KOUUNT1+]

INGACL=1

OC TU 9EQO

[MBAC=1

CALL Cur

IF AJCUTLTL0) GUL TS 117060

IF (INDACLCFQeD) GU TO 1000

INDACL=U
TF (ACLRSGE«DeN) GO TI 990

MANT290
MANT300
MANT310
MANT320
MANT330
MANT340
MANT350
MANT360
MANT7370

MANT380

MANT7390
MANT400
MANT410
MANT420
MANT43D
MANT440
MANT450
MANT 460
MANT4TO
MANT480
MANT490
MANTS00
MANT510
MANT520
MAKNTS530
MANT540
MANTS50
MANTH6C
MANTS 70
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Mawlo 30
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MANTB 30
MANTB40
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1120
1130
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WRITE (6213601 ACLR

GO TO 20

CONTINLE

[F (JCUTGT«0) GG TC 102G

IF (KOUNTI-KOUNTZ2) 1182,101051180

KQUNT1=0

INTEGRATED VALUES OF VARIARBLES ARF READY FOR

rnINTING - ACCELERATICMNS AKRP XOD(1lsJ)s VFLCCITIES ARE

XDE1,sJ)s AND DISPLACEMEMTS ARE X(1.J)=~J=1 TG MAX

NUMBER OF VARIARLES.

IF (JCUTLEQ.LUCSTR) GO TC 114cC

DO 103C 1=1,43

XLPF(1)=0.,0

DO 10320 J=1,3

XLPF(I)=XLPt (I)+TRL(Ts J)*XPF(J)

ANG (T 9J}=ACOSTTRL(12J) ) *ULOLRAL

CALL PKIMT2

IF (NPENCJEGeNMBINCES)Y GO Tu 1120

IF (JQUT) 11704+14180,51040

LCCA=(NSAVIJCUT)Y-13) /6

GO TO (1050,10601CT7C»1NBO10%N440,51100511210)s LCCA

WRITE (651380) T

GO TO 113c¢

WRITE {6+13%0) X(1,s19)

GO0 TC 113¢

WRITE (€+1400) Xe(1s18)

GO TO 1130

WRITE (651410) XU(1416)

GO TO 1130

WRITE (651420) Xv(ls17}

GO TO 1130

WRITE (6514301 XL(1ly4)

CO TO 1130

URITE (651440) XD(1,5)

GO 7O 1130

WRITE (641450) XD(1+6)

GO 1O 1130

WRITE (6491460) NMONC

WRITE 1651370)

GO TO 20 :

IF (IND(LOCSTR)Y«nNESQ) GU TO 1150
TOUCH-DOWN

INTEGRATICN CUTCFF ON STROKE = 0s KESET INDICATORS TO

CUT CFF INTEGRATION WITH TURUS LIFTS~UFF
IND(LOCSTRY=1
XS{LOCSTR)=-3+*¥CUTERR
GO TO 1l1é0
LIFT-OFF

INTEGRATION . CUTGFF ON STROKc #0Te 0Oy RESET INDICATGRS TU

CUT OFF INTLOKRATION wITH TORUS TOUCH=UUWN
IND{LOCSTR) =0
NMBNC=NMSNC+1
XS{LOCSTR)=0.0
CALL SETUP
KOUNT1=KOUNT2-1
GO TO 420

HMAN850
MAll660Q
MaN {870
HARKTB80
MANTB90
MANTI0D
MANT91D
MANTS20
MANTS30
MARTI40
MANTS50
MaNT960
MANTITO
Man/980
MANTYYO0
MANGOOO
MAaNbGLU
MANGD20
MAB8030
MAHB040
MANB0O50
MANB060
MANB070
MaRBOBO
MANBO0
¥irsNo 100
MANB110
MAaNe L 20
MANLLIZ0
MANB 140
MANEL150
MANB160
MANGBL1TO
MAN8180
MANB190
MANBZ2900
MANG 210
MANG220
MANSZ230
MANG 240
MANL 250

- MANGZ260

MANOZ2T70
MANB280
MAN8290
MANE 300
MANS310
MANB320
MANRNG330
MANo 340
MARB350
MANOo 300
MAaNB3T0
MARNbB380
MANG390
MANbB4OO



1172

1133

1192

1200

1210
1220
1230
1242
1250
1250
1270

230
1299

1300
1210

1320

1330
1340

1350

1360
1370
1380
1392

1400
1410

14290

1439
1440
1450

1460

APPENDIX D

KCUNTY = =200 (ARRITRARY CULSTANT ) s PRCVENTS PRINTING UNTIL  wANGS10
CUTOFF : MANB420
KCUMT1l==-82CC “nAlv8430-
ACLR=C00U MANB440
INLYaC=1 mAND4L4 50
GG TS 740 MAaNG4 o0
CALL UPULAT Manba 70
INTEGRATION BACKUP AIWUIRES A RETURR TU 2 Fun VARIABLL 3E1JP  idAnos4u(
IF (INCBACNEQ) OU TO 740 Mrinoa U
GG TO 420 MAIBSOU
MANGD 10
FORMAT (1%, . MANS520
* AOXFINFLATARBLE TORUS LANDING LOALS AND MOTIONS PROGRAM:/ MANBS530
¥ 2OX#*MASTER AGREUMENTs CONTRACT NAS1-8137, TASK ORDER NGs 1% /MAMNEBS 40
# 3BX*MCOCNNELL DOUSLAS ASTRISNAUTICS COMPANYs CASTeRN DIVILION#* MAnoDG L
# //61XHINPUT DATAR// ) MARKNG542
FORMAT (3554 MANOD 50
1) w69
FORMAT (% 3#4%,30 + JiE 0ATAs Livh GF JO0o #) - MANKGD270
FORMAT (1Xs11s2Xs1292Xs01065) fAaiNo Yo u
FORMAT (#0% s ATs JUssIRIPT#, 248 (4XAvsaX)) fndyob 90
FORMAT (3% Rya20OX#XS ([ )%y IXHIND(I)* ) MANEG6OO
FORMAT (aXeI548Xs6_14e7) - MahvolQ
FCRMAT (L1H1,10X,6CHMC. OF CUT-GFF VALUES CihTERED AS ZERJO-PROBLE: (MANBSG20
1IAMNOT PRGCEEL) MANG6 30
FORMAT (1IXA1N,2XI5,1XI5) i MATB640
FORMAT (#)%4%xPRIHT POSITION ®,144% wlLL CONTAIN THE VALUE FROM #, MANBELES5Q
# XCGI'TRT(%43]5s%) wITH THE LABEL %,A10 ) MANBGS50
FORMAT(#0% 32104 SXXEND OF DATA LIST#) fMANCBTO
FORMAT (# % 3%———mewm—m ERROR-===——=——— Violiv = DATA)1I1L¥® = 0% ) MANOO B0
FORMAT (%1%,% VFHICLE wCICHiTy G EARTH = %,E1447s%, ON PLAKRET = ¥ MANS690
1 -514-7 Yrinioo 91
FORMAT (#C¥316X%*¥UMENTS AND PRULJCTS OF INERTIA® / MANG 700
* KOX g TXHXXI ¥ 5 13XXXY [#4 12X*¥XXID¥s 12X¥XYID®/ MANB710
1 * K G INEYY ] R ZIBIXEXZIH,12X¥YYIO*s 12X¥XZI0U%/ MANOT20
1 ¥R IXKZZ IRy 13X¥YZI#12X*ZZI0%*, 12X¥YZID%* ) friNB8T21
FORMAT (#0% 34 (1XE1LeT)}/* ¥ 44 {IXE14aT) /% %34 (1XE1447)) MANBT30
FORMAT (# #y¥oecm——— ERRUR== === m = TR (¥yI29%9%,12y%)= #,E20413MANST40
1sVECTCR TAKLS UNIT VECTCR FCRIid*) MANYT50
FORMA (¥ ¥ gf—mmmm—m e ERRUR——=——— e —— TRL(*xs]29%9 %3 [2y%)= #,£20e13MANOT0
1 s¥e  VLCTUR TAKES URNIT VECTOR FURm* ) AN 770
FORMAT (//31Xs41HCUT OFFyCLEARANCE LESS THAN ALLOWAoLL oY sF10e4) MANGT80
FORMAT (1H1) : v MANST20
FORMAT (//31Xs16HCUT OFF UN TIME=9F10e4y1XsTHILCUNUD) MANosQO
FCRMAT (//51Xs38HCUT COFF Oiv TOTAL Vel ReLATIvVE TO SURF=9F10eb4 91 Xs6MANGE10
1HFT/SEC) MANBB20
FORMAT (/731X s25HCUT CGFF Oi! SURFACT RANGE=3F10e451Xy201FT) MANOD®30
FORMAT (//51Xs35HCUT OFF ON PARALLEL TO SURFACE VEL=ﬁF10.4,1Xa6HFTMAN0840
1/S8EC) MANBE50
FORMAT (//+1X938BHCIIT OFF GN DISTANCE NCRMAL 7O SURFACE=3»F1l0e491Xy MANBEOO
12HFT) . MANGBTO
FORMAT (//s1X»28HCRT OFF ON LANDER RULL RATE=3sFl0sb4 91Xy 7HRAD/SEC) MANGBBO
FORMAT (//731X929HCUT OFF ON LANDER PITCH RATE=3sF104¢4 31X THRAD/SECIMANBEI0 |
FORMAT {(//s1X»27HCUT OFF ON LANDER YAw RATE=,F10e¢4,1XsTHRAD/SEC)Y MANOS00
FORMAT (//% CUTOFF UN NUMBER CF BUUNCES, NUMDER = *,15) MANSY10
END ' MANE920-
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SUBROUTINE ENVIR ENV 10
COMMON CUMINT( 600) ENV 20
EQUIVALENCE ( COMINT( 554) 4 SOUND ENV 30

)
EQUIVALENCE ( COMINT( 398), XWND } ENV 40
EQUIVALENCE ( COMINT( 399)s YWND ) EdV 50
EQUIVALENCE ( COMINT( 400)s ZWNC ) ENV 60
EQUIVALENCE ( CUMINT( 389)y XW ) ENV 70
EQUIVALENCE ( CUMINT( 390)s Yiv ) EHV 80
EGUIVALENCE ( CUINT( 391)s Zu ) EMvV 90
C REAL ENVIRONMLNT DATA Ly 100
RETURN LivV 110
ENTRY ENVIR1 LNV 120
C DEFINE ORuUNC REF s ENVIROAMINT AT TIME=T ENV 130
C XW=NORTH Wik YWSEAST wiND Zu=VERTICAL WIKO LV 140
SOUNU=0. ENV 150
XAND=Ge ERV 160
YWND=0o Linv 170
ZWND=0, £V 130
XW=0e LRV 150
Ya=0e EdvV 200
2u=Co thv 210
RETURN LHV 220
LNU Y 220~
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SULRCUTINE AERO
COMMUON COMINT 600

EQUIVALENCE
EQULIVALENCL
EQUIVALENCE
EQUIVALENCE
PROVIDE ALL
ALRODYNAMIC
RETUKN
ENTRY AERGO1
NEFINE AERO
CALL ENVIR1
XVACH=(0.
W=Ge
ALPHA=G.

bE TA=C.
RETURN

tEND

{ CurlINTL 552)s )
( CUMINTU 5531 XMACH )
{ COINT( 404)s BETA )

( CUclINT{ 401)s ALPHA )
DATA HERD NECLSSARY TU bLLFINL
FURCLS ACTIKRG ON THE VEHICLL.

FORCLS ON VEIIICLE AT TIME=T

AER
AbR
Abr
AR

AER

AER
AER
AER
AR
ALR
AER
AR
ALK
Ack
ALK
Ak
AEid
ALK

10

" 20

30
40
50
60
70
80
v0
100
110
120
130
140
150
160
170
180~
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SUBROUTINE PCCUT (1YDsIY,CUTVALsIDIRT) PCT 10
DIMENSION X(9)s XNMN1(9) . PCT 20
DIMENSION XS(9)s IND(9)s IAD(9)s NAMBCD(9)s LOCNAM(S50) PCT

COMMON COMINT (600) PCY Zg
EGUIVALENCE ( COMINT( 1 )y T ) PCT 50
EQUIVALENCE ( COMINT( 2 )y HMAX ) PCT 60
EQUIVALENCE ( COMINT( 3 ), EMIN ) PCT 70
EQUIVALENCE ( COMINT( 4 )y EMAX ) PCT &0
EQUIVALENCE ( COMINT( 5 )y H2Z ) PCT 99
EQGUIVALENCE ( COMINTC & 1y IP ) PCT 100
EQUIVALENCE ( COMINT( 7 )s IVARH ) PCT 110
EQUIVALENCE ( COMINT( 8 )y IMTH } PCT 120
EQUIVALENCE ( COMINT( 9 )s IPRNT ) PCT 130
EGUIVALENCE ( COMINT( 10 )s IFIN ) PCT 140
EQUIVALENCE ( COMINT( 11 )»s IVAL } PCT 150
LQUIVALENCE ( COMINT( 12 )y IPTOTL ) PCT 160
EGUIVALENCE { COMINT( 13 )y IPTATL ) PCT 170
EQUIVALENCE ( COMINT( 14), XS } PCT 180
EQUIVALENCE ( COMINT( 23)s IND. ) PCY 190
EQUIVALENCE ( COMINT( 347)y HMIN ) PCT 200
EQUIVALENCE ( COMINT( 384)s CUTERK ) PCT 210
LQUIVALENCE ( COMINT( 385%)ys J ) PCT 220
ENTRY LOC PLT 230
IPTATL=1IPTATL+1 PCT 240
IF (IPTATL.LE«9) GO TO 10 PCT 250
wRITE (6+870) PCT 260
sSTOP PCT 270
12 NAMBCD(IPTATL)=1Y PCT 280
TACUIPTATL)=1YD PCT 290
XSUIPTATLYI=CUTVAL PLT 300
IND(IPTATL)=JUIRT PCT 310
RETURN PCT 320
ENTRY INUPD PLT 330
IPTOTL=IPTOTL+1 PCT 340
IF (IPTOTLeLE«S0) GU TO 26 PCT 3550
WRITE (6+880) PLT 360
STGP PCY 370
2¢ LOCNAM(IFTOTL)=1YL PCT 230
RETURN PCT 390
LNTRY SETUP PCT 400
TERRCR=U PCT 410
ISTEP=1 PCT 420
1=0 PCT 430
IVAL=0 PCT 440
HZ=he A X% Z2e#t (~]P) PLT 450
1PT2=2%*]¢p PCT 400
1PT1=0 PLT 470
IPRKT RS PLT 480
IFIN=0 PCT 490
INDRH=1 PCT 520
IR5=1 PCT 510
161=1 PCT 520
[ALP=4 LT 530
LIST=(¢ PLY 540
INUPD=0 PCT 550

IF (1ATIH) 70+304+70 PLT 560

330



39

49)

ou

60

99
130

120
130

140

159

160
170
180

190
200
210

220
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I162=1

JJ=7

Ii3=c

ISCNT=0

16LTA=3

I GAM=-]

IF (IVARH) 4Gs50+40

1ég=1

166=2

GO TU 60

Iva=2

166=1

187=1

GO TO 80O

[u2=2

JJd=6

1B3=1

IB87=2

HE2=H2/2

H=HD2

Allll=HZ/24.

A2222=19e /2700

RKTHME=T

RETURN

ENTRY INTEG

JIRLI=TY+UI-1

GC TO (90s13091405150) s 18H

ol TU (150+110+12GC9100)s ISTEP
COMINT (JURT Y =COMPUT LYY +HXRCOMINT (YD)
RETURN
COMINT(JIRL ) =COMINT(IY+1 ) +nxTOWINT(IYD)
RETURN
COMINTIJIRL)=COMINT(LY+2) +1axCOMINT(TIYWV)
RETURN ’

PLT

PCT
PLT
PCT
PCT
PCT
PCT
PCT

PCT

PCT
PCT
PCT
PCT
PCT
PCT
FCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PLT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT

COMINT(UIRLII=COMINTLEY+3)+H/5a# (CUMTATCIYD+3) +2 o # (CUMINT (1YD+2 ) +COPLT

IMINTOIYL+1 ) ) +COMINT(IYL))
RETURN
CONTINUE

PLT
Pl
P

COMINT (L y+5)=COMINTOIY)I+ALIL1# (55 % CUMINT(IYU)~5Y e %CUmINT{IYO+1Y+3PLT

17 %¥COMINT LI YL+2)~9e *COMINT(IYD+3))
RETURM

PCT
PLT

CNI=COMINT(IY+1I+ATLLI*(Qe#CCHMINTIIYDI 419 #COUMINTUIYLHL) =5 #COMINTPCT

1(1YU+2)+COMINT(IY+3))
Xii=ALS(CUMINT(IY)~CNL)
COMINT (1Y )=CN1+A2222# (CUMINT(IY)-CM1)
IF (186-2) 170516C»170
RETURN

IF (CN1) 1802005180
XM1=ABS{XM/CN1)

IF (XM=XM1}) 2002005190
XM=XmM1

IF (XM-EMAX) 229+210,210
IF (HZ«GTeHMIN) IVAL=-8300
IVAL=1VAL+1

RETURN

IF (XM—-EMIN} 2402305230

PCT

5T0
540
550
600
610
b20
630
640
650
060
6170
689
090
700
710
720
130
740
750
760
770
780
7190
800
810
b20
830
840
850
860
670
860
890
900
Y10
929
¥30
940
950
960
970
980
990

PCT1000
PCT1010
PLTL020
PLTL1020
PCT1040
PCT1050
PCT1060
PCTI070
PCT1080
PCT1090
PCT1100
PCTLIL110
PCT1120
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230 IVAL=TVAL+1 PCT1130
240 RFTURN PCT1140
ENTRY UPOAT PCTL150
IFIN=1 PCT1160

IF (IPRNT) 26032501+260 PCT1170

250 IPT1=1PT2 PCT1160
260 IF (1B1-2) 270,5004+270 PCT1190
270 IF (IALP-1) 39052801390 PCT1200
280 I=1+1 PCT1210
IPT1=IPT1-1 PLT1220

GO TO (360+300)» IB2 PCT1230

290 IBETA=1IBLTA-1 PCT1240
300 1ALP=4 PLT1250
ISTEP=1 PCT1z60
H=H/2 PLTLI2T0
IFIN=0 PCT1260

165=1 PLT1290

GO TO (330+310)s 183 PCT1300

310 DO 320 IMVER=1,IPTOTL PCT1310
KMVER=LOUNAM{ IMVER) PCT1320
COMINT({KMVER+]1)=COMINT{KMVER+3) PCT1330
COMINT (KMVER42 )=CCMINT{KNMVER+L) PCT1340
COMINT (Ki4VER+3 ) =COMIRNT (KIMVER+5) PCT1350
COMINT (KMVER+4 ) =COMINT (KMVER+5) PCT1360

320 COMINT(KMVER ) =CUMINT (KMVEK+6) PCT1370
GG Tu 350 PCT1380

330 DO 340 IMVER=1,IPTOTL PLTL330
KMVER=LOCNAM{ I MVER) PCT1400
COMINT (KMVER)=CUMINT(KMVER+S) PCTL1410

340 COMINT(KEVER+L ) =CUHIMNT (KMVLR+3) PCTL420
350 IPRRT=IPT] PCT1430
RETURN PCT1440

360 IF (IRFTA=1) 2904376,29C PCT1450
370 lel=2 PCT1460
[85=3 PCT147U
IFIN=0 PLT1480

IF (IVARH) 3805310+380 FCT1490

380 1b6=2 PCTILOO
GO TO 310 PCTLS1O

390 TALP=TALP-1 PCT1520
IT (IALP=1) 4004105400 PCT1230

400 ISTEP=ISTEP+] PLT1540
GO TO 420 PLT1550

410 IB5=2 PCT1560
420 IF (1ALP=-2) 430,440,430 PCT1570
430 T=T+HD2 PLT180
GO TO 450 PCT1590

440 H=t1Z PLT1600
" 45Q GG TO (460,48G)s IBT - PLT1610
460 U0 470 LlmveR=1,1PTOTL PLT1620
KMVER=LOCNAM(LMVER) PCT1630-
COMIMT (KMVER+S) =CUOMTRTIKMVERY4) PCTto40
COMINT(KInVER+4 ) sCORIRT (KWVER+3) PCT1u50
TCOMINT (KMVER+3)=CONMINT (KiVER+Z) PLCTL1660
COMINTUKIMVER42 ) =COHINT (RHVER+L) PCTlo70
COMINTIKMVER+1)=COMINT (Y¥VER) PCT1680
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572

580
590

6.0

61

620

63¢C
640
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COMINTUKAVER ) =COMIHT(RNYVIR+6)
GO TO 350

LU 490 IMVER=1,1FTOTL
KYVER=LCCNAM(IMVER)
COMINTANGVER+3 ) =CUVINT(KMVER+2)
COMINTIRVER+2 ) =0 TNT (RAVER+HL)
COMIRTAKAVUR+D ) =Cuid I MT (N vER)
CORINTAIKMVER)SCONTIRT{KAVERK+S)
oG TO 350 '

{ GAN==1CGANM

IF (1GAM) 52039520510

1e5=4

T=T+H

GO TC 480

[05=3

GO TO (520424C)s 1BA4
IPTI=1PTL-1

[FIN=0

00 TU 570

I1F (IVAL) 55095804550

15CNT=0

IF (IVAL) 62046304560

INURhi=1

IPT1=1PT1-1

I=1+1

[FIN=0

IVAL=(G

GO TU 350

IF (ISCHT=-2) 590:59034+620
ISUNT=15CNT+1

GG TO Y60

IF (2% (1PT1/2)ebluelPTLl) GU TU 560

IF (H-kMAX) 510,5604560
IPT1=1PT1/2
1SCNT=0
I3ETA=3
TALP=4
IBi1=1
IBS=1
HTEP=1
INURH=0
IPI2=1PT2/2
RLT¥bL=T
HU2=iH1
HZ=2¢#H
IFIN=0
[=n
Allll=iHZ/24.
GO TO 570
IF (IPT1) 569+640s640
I8ETA=3
IALP=4
ISTEP=1
Igl=1
185=1
IF (I-3) 65020702650

PCT1690
PLT1700
PCTiv71C
PCTL1720
PCTL750
PCT1740
PCT1750
PCT1760
PLCT1770
PCT1750
PCT1790
PCT18900
PCTL1610
PCT1820
PCT1830
PLT 1540
PLT1lev0
PCTLu60
PLTLI870
PCT1860
PCTis9vd
PCT1900
PCT1910
PCT1920
PCT1353C
PLT 1340
PLTL550
PLT15¢0
PCT1G970
PLTLY30
PCTL19%0
PCTZ0CC
PLT2010
PLT2020
PCT2030
PLT2040
PCT205C
PLT2069
P{TZ207C
PCTLUB0
PLTLO90
PLT2100
PCTc110
PLT2120
PCTZ130
PCT2140
PCTZ2150
PCT2160
PCT2170
PCT2180
PCTZ190
PLT2200
PLTZ210
PL1£220
PC12230
PLTZ240
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650

1660

670

680
690

790
710
120

730

740

750

760
770
780
790

8vD
810

334

T=T-H
RKTME=T
IPT1=2#1PT1

DO 660 IMVER=1,IPTOTL
KMVER=LOCNAM({ IMVER)
COMINT (KMVER)=COMINT(<XMVER+1)

GO TO 690
T=RKTME
IPT1=2%(IPT1+3)

KMVER=LOCNAM (I MVER)
COMINT(KMVER)=COMINT {KMVER+4)

HZ=H/2.

DO 680 IMVER=1,IPTCTL

IF (HZoLT+HMIN) AZ=HMIN

HD2=HZ/2.
H=HD2
IPT2=2%1PT2
INDRH=~1

GO TG 620
ENTRY CUT

IF (IFIN) 7005710,7GC

J=0

IERROR=1

RETURN

K=1

IF (KeLEIPTATL)

IF (K=1) 7304700,73C

IK=K~1
DO 740 I=1,1K
KMVER=TAD(])

GG

TO 750

XENL (T )=COMINT (KAVER)

CCNTINLE
G TG TL0
KMVER=TAL(K)

X{KYy=COGMINT (KMVLR)
XU=X5(KY+FALSIXS(R) ) +1e ) #CUTLRK
XL=XS(K)—{ALSIXS(K)) +14)*CUTERK
IF (IND(K)) 160s780+760

IF (X(K)}=XU) TT735790,790
IF (X(K)=XL) ©20+323+81¢C
IF (X(K)=XL) 790975053500

K=K+1

IF (K=1U) 720s72Cs73C
[F (X{K)=XU) 610+820s820

J=K
IERRUR=1
RETURN
T=T-iZ

HZ= (HZ¥ (XS TK)=XMRLIIK)Y )/ (X (R)Y=XMML(K) ) ) /2.

IF (INDRA) 849+830+840

HZ=r2/2.

I=¢

HD2=112/2.

H=HUZ

IF (TERRURSMESC)
KMVER=TAL(K)

GU

TO s&0

APPENDIX D

PCT2250
PCT2260
PCT2270
PCTZ2280
PCTZ2290
PCT2300
PCTZ2310
PCT2320
PCT2330
PCT2340
PCT2350
PCT2360
PCT2370
PCT2380
PCT2390
PCT2400
PCT2410
PCT2420
PCT 2430
PCT2440
PCT2450
PLT2460
PClea70
PCT2480
PLT2490
PCTZ2500
FCTZ51¢0
PCT2520
PCT2530
PLTZ5490
PCTZH50
PLT 2560
FCTE570
PCT<580
PLT2530
BLT2600
PCT2010
PLT2620
PLCT2630
PLT2640
PLT2650
PLTZ2600
PLTee70
PLT 2680
PLTL550
PLTeT0O0
PCTLT710
PCT2120
PCYZT30
PCT2740
PLT2T50
PLTZT780
PLTZTT70
PCT2780
BCT2720
PCT2800



(¢}
o
vl

&60

C
570

85N

0y
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VRITE (G6ryevl) NAMBCODIR) s CuslnT (aMVek) CPLTeoly
sSTaP PLT2620
CONTINUE PLTZ8230
A1l 1l=he/ 24 PCT12840
[SCNT=0 PCTeth0
TLEFTA=3 PCT28CC
lalP=4 . PCTZb 170
ISTEP=1 PLCT2630
I151=4 PCT 2650
iB2=2 PLTZs560
I#3=1 PLTZ2510
lob=1 PLTZ2%20
187=2 PLT293¢
JJd=o PCT 940
[FT1=1030 PCTZ29%0
IPIZ2=1040 PCT2950
IPRNT=1000 PCTZ970
REKTHE=T PLTE980
20 860 IMYEk=1+IPTOTL PCT2990
EMVFR=LOCNANM (] 2VER) PCT3000
COMINTIKMVER)Y=COUS IRT (R VIER+1) PCT3G10
[FiNn=1 PCT2020

J==~1
ILRRCR=1
RETUKRN

PCT 3030
PLT 5040
PLT 3050
PLT50¢0

FORMAT (F g JObk TZhINATEDs MOKe THAN mlnz CALLS TO LUCPLT2070
= %) : PLT50860
FORNAT (¥ X gt JLv TERBINATLD,, "Wl THAN FIFTY CALLS TO X PCT30%0
1 s #[PMIP e e %) : PCT3100
FORFAT (181 CUTCFT PASSELD Y 2469380 = sl lael 271t UN Tl TRITIAL CAPCT2110
1ILL TQ CUT) PCT5120
oL PLl2isC
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SUBROUTINE M

EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EGUIVALENCE
EQUI VALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
tQUIVALENCE
EQUIVALLENCE
LGUIVALENCE
LOULVALENCE
EGUIVALENCE
EGUIVALENCE
EQGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
CGUIVALENCE
EQUIVALLNCE
LOUI VALENCE
EQUIVALLNCE
LEQUIVALENCE
EQUIVALENCF
XYI=C.O
XZ1=0.0
YZ1=0.0
XX1D=0+C
YYID=Geu
2210=060
XYID=0.0
XZ1D=0e0C
YZID=040
PIE=3.14159

* IMPACT BAG

S M T e e e Toe T T e e T T e B B e B

ASS

CONMON COMINT(

600)
COMINT
COHINT(
COMINT
COMINTL
ComIiT(
CUMINT L
COMINTHL
COMINT(
COMINTY(
COMINTA
COMINTH
COIMINTH{
COAINT(
COMINTH
COMINT(
COMINT(
COMINT(
COMINT L
CUAINT L
COMINT(
COYINT ¢
COMINT(
COMINT(
COMINT (
CUMINT ¢
COMINT (
CUMINT L
COMINT
COMINT(
COMINT(
CUMINT(
COAINT(
CUMIMT(
COMINT I

*

392}
416)
410)
411
412)
418)s
419)
420)
G422)
423)
H424)
425)
426)
427)
459),
4781 »
47G9)
450)
449)
450
4861)
4E2)
483 ) s
G4841)
4851}y
486)
487)
453)
G45)
446)
447) 9
L48)
488)
348

-APPENDIX D

SCFWT
KMASST
xXX1
YY1
221
XYl
XZ1
YZ1
XX1p
YYILD
221D
XYID
XZ1iD
YzZIc
ANGLE
K1

RZ

R3

L

F
THETAT
RS

RL
FABWT
PLYY
PLY2
PLY3
RHOP
A

o]

C

v

AF
STROKE

—r " e Nt G mr s N e e S e s A s e e et e e hr e v e e e mer R S e e S

Al=2%PIEX*RS*((2%¥PTE*RL) /3-1473206%RS)

A2=(4*¥PIEXPIE*¥RS*RL) /3

A3=2#DPlEXRS¥* ((2¥PIL*RL) /3+1.73206¥%RS)

BMASSI=((FABWT*PLY1+SCFWT)*A1)/(144.*3;-147)
BMASS2=({ (FARWT#PLY2+SCFWT)I*¥A2)/(1444%324147)
BMASS3=((FABWT*PLY3+SCFWTI¥A3)/(1444%324147)

BAGM=EMASS]+BMASS2+8MASS3

AA=0.5%RS

BB=3.0%RS/PIL

MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAL
MAS
MAS
MAS
MAS
MAS
MAS
MAS
M I’\ S
MAS
MAS
MAS
MAS
MAS
MASL
MAS
MAS

MAS .

MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS

10
.20

30

40

50

60

70

60

S0
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
$30
540
550
560
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APPENDIX D

CC=0+86603*RS
DD=2+59809%RS/PIE
XX11=BMASS1* ((RL-DD)¥%*2)/14440

YYI1=045*¥BMASS1#( ((RL~-DD)*¥*¥2)42,%CC*(CC/34)/144.0

2211=YYI11

XX12=2*BMASS2* (RL¥RL+AAXAA) /14440
YYI2=BMASS2* (RL*¥RL+AAXAA+2.#BU¥*¥RB) /144 .0
2212=YYI12

XXI3=6MASS3* ((RL+DDI**2) /14440

YYI3=¢ H¥BMASS3# ( ( (RLHDD ) ¥#2)+2¥CCX¥CL/ 30 ) /144,
2213=YY13 .
EQFABM=DBAGM/ (4« XPIEX*PIEXRL%¥RS)

¥ PAYLOAD PACKALE %
PMASSL4=(PIE*A¥A#CXRHOP) /(4 o#324147%1728.)

PIASSS5=(PlEX¥BX¥RHUP* ({ (A+24 %D ) ¥ %2 )—A%A) )/ (24%32414T#17.84)

XXT4=(PMASSG¥A%¥A) /(8% 144.)
YYI4=(PMASSA# (0« IS¥ARA+TRC) )/ (12e%144.)
2214=YY14
XXI5=(PMASSS# ( ((A+2 %) ¥¥2 ) +AXA) )/ (Be*184,)

YYI5=(PMASSS#(Ce TS ({ (A+24%D)¥X2)+ARA)+44¥BRY ) ) /(1L e¥ L bbs )

2215=YY15

*  TOTAL MASS PROPLRTILS #
KHEASST=PMASSE4+PMASSS +2AGH
XXT=XXTLHXXI24XX I3+ XXT4+X XD
YYI=YYI14+YYI2+YY13+YY]I4+YYIS
221=221142212+2213+27214+2215

RETURN

®*#% FLAT ANALYSIS »x%

ENTRY MASST

FFFWT=0.0

NDIM=10

TPFAFT=24%¥PIL*FAWT /14440

¥  ARC A-p ¥

PHIO=F/RS

PHI1=(R1¥THETAT)/RS+PHIC

IF (PHIOGF«(30%PIEZ180)) GO TO 20
UPHI={(30%¥PIE/180)-PHIO)/NDINM
PHIINT=PHIQ+0e5%0PH]1

DO 10 I=1,4NDIM

PHI=PHIINT+(I1~-1)*0GPHl
HETA=(RS/R1)#(PHI-Pi1O)
SY=STROKE+R1%(1e0~COS{ZLTA))I-RS*(1.0-COS(PHI))
SX=F+R1#SIN(LLTAY=R3#STH(PH]T)
RM=RL=-RS*SIN(FHI)

FACTOR=( (STROKE=SY ) #¥ 4+ 5X*5X) / (STRUNL**Z)
LFFWT=EFFWTHTPFAFTH#F ACTOR*PLY 2¥RN#RS*LPA
oPRI=(PHI1I-{30%P1{/180)) /Ul
PHIINT=(30%PIL/180)+0«5%UFAI

GO TO 3¢

GPHI=(PHI1-PHICI/NTIM
FHIINT=PHIO+0«5%CPHI

CONTINUE

DO 40 I=14NDIM

PHI=PHIINT+(1-1)}%*DPhI

SETA={RS/RY1) *(PHI~PH10)

SY=STROKE+R 1% (1e 0~CUS(BLLTA) )=RS*(1.0-CCS(PHI))

MAY
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAD
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS
MAS

570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
170
160
790
800
810
820
830
840
850
860
870
580
890
J00
910
G20
930
940
950
960
970
280
9950

MAS1000
MAS1010
MA51020
MAS1C30
MAS1040
MAS1050
MA51060
MAS1070
MAS1080
MAS1090
MAS1100
MAaLL1110
MAS1120
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50

70

80

90

100
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APPENDIX D

SX=F+R1*¥SIN{aE TA) -RSESIN(PIL)
RM=RL-KS*SIN(FHI)

FACTOR=( (STROKE=SY ) #%¥245X%5X) / ( STRUKL*%£)
EFFWT=EFFWT +TPFAF T¥FACTOR®PLY 1 ¥RM*¥RS*OPH 1
* ARC B¥-R % _
EFFWT=EFFWT+TPFAF T¥RS*PLY 1% (RL* (PIL/2-Plil 1) +RS*COS(PHIL))
% ARC B-T *

PHI1=(R3%P1E)/ (2%RS)
DPHI=(60%PTE )/ (NUIM*180)

PHIINT=0 e 5%0PHI

DO 50 I=1,NLIM

PHI=PHIINT+(1~1)%UPHI

BETA=(RS/R3)#PHI
SX=E+RS*COS (PHI ) -R3%*COS(BETA)
SY=R3%*SIN(BETA) -KS*STR{PHI)

RM=RL~RS*COS (PHI)

FACTOR=( (STROKE~-SY ) ##2+SX*¥SX )/ {STROKE*%2)
EFFWT=EFFWUT+TPFAF T#FACTCR*PLY 1 XRM¥RS*DPH]
DPHI=(PHI1-(60%*P1E)/180) /NDI
PHIINT={60%PTE)/180+Ce5*DPH]

DO 60 I=1,NDIM

PHI=PHLINT+(1~1)*DPHI

BETA=(RS/R3) *PHI

SX=E+RS¥COS (PH1)-R3¥COS(LETA)
SY=R3¥SIN{BETA)~RS*SIN(PHI)

RM=RL~RS*COS (PHI)

FACTOR=( ( STRGKE-SY ) ¥%#2+SX¥SX )/ (STRUKE*%2)
EFFWT=EFFWT+TPFAF T*FACTOR®PLY2%RN¥RS *DPH I
*  ARC C-T %

PH10=E /RS

PHI1=PHIO+(R2¥PIE) /RS

IF (PHIO.GE+(30%PIE/180)) GO TG 80

DPHI=( (30*P1E/180)-PHIO)/NCIM
PHIINT=PHIO+0+5%DPHI

DO 70 I=1sNDIM

PHI=PHIINT+(1-1)*DPHI

BETA= (RS/R2) % (PHI~PHIO)
SY=STROKE+R2%{ 14 C—=COS(BETA} )~RS*(1.0-COS(PHI))
SX=RS*SIN(PHI ) ~R2¥SIN(BETA)~E

FACTOR={ ( STROKE—SY) *¥2+5X*¥SX) / ( STROKE¥*2)
RM=RL+RS*SIN(PHI)
EFFWTSEFFWT+TPFAFT*FACTORXPLY2%RM¥*RS ¥DPHI
DPHI=(120%PIE)/ (NDIM#180)
PHIOP=(30%P1E) /180

GO TO 90

DPHI=((150%P1E/160)~PRID)/NDIM
PHIOP=PHIO

PHIINT=PHIOP+0+5%DPHI

DO 100 I=1sNDIM

PHI=PHIINT+(I1~1)*DPHI

+ BETA={RS/R2}*(PHI~-PHIO)

SY=STROKE+R2%¥(1+0-COS{BETA) }-RS*(1.0-CCSI{PHI))
SX=RS#SIN(PHI)~R2*SIN(BETA)~E

FACTOR=( { STROKE-SY ) ¥#2+S5X¥5X )/ (STROKE*%#2)
RM=RL4RS*SIN(PHI)
EFFWT=EFFWT+TPFAFT®#FACTOR*PLY3¥RM*RS*¥DPH I

MAS1130
MASL1a0
MASiI150
MASL1160
MAS1170
MAS1180
MAS1190
MAS1200
MAS51210
MAG1220
MA51230
MALL240
11AS1250
MAS1260
MAS1270
MAS1280

"MAS1250

MAS1300
MAS1310
MAS132G
MAS51330
MAS1340
MA51350
MAS1360
MaS51370
MALL380
MAS 1390
MAS1400
MAS1410
MAS1420
MAS1430
MAS1440
MAS1450
MAS1460
MAS1470
MAS1480

"MAS1490

MAS1500
MAS1510
MAS1520
MAS1530
MAS1540
MAS1550
MAS L1560
MAS1570
MAS1580
MAS1590
MAS1600
MAL1610
MAS1620
MAS1630
MAS1640-
MAS1650
MAS1660
MAS16170
MAS1680



APPENDIX D’

DPHI=(PHI1-(150%PIE/180))/NDIM
PHIINT={150%PI£/180)+0.5*DPH]

DO 110 I=15NDIM

PH]=PHIINT#(1-1)*DPHI
BETA=(RS/R2)#(PH1-PH10)
SY=STROKE+R2# (1. 0-COS(BLTA) )-RS*¥(1.0-CC5(PH1))
SX=RS*¥SIN(PHI ) ~R2¥SIN(BETA) -E

FACTOR=( (STROKE-SY ) #¥2+6X*SX )/ (STRUKE#*2)
RM=RL+RSHSIN(FHIT)
EFFWT=EFFWTH+TPFAFT*#FACTOR*PLY2#RMERS#DPH T
XMACSST=PMASCL+PMASSHHLEFFVT/32.147

RETURN

®*%% OFF ATTITUDE ANALYSIS #*x%x

ENTRY MASS2

IF (ANGLE «ILL « (25« %PIFE/180e)) GU Tw 120

IF {(ANOoLrelLl o (40e*PlE/IB0s)) GU TO 130
EPS=Ce546+C00108% ( (ANGLE* 1804 /PLEY~-404)
GO TO 140

Bt S=0e23+0,027%ANGLE*L80./P]L

e TG 140 '

FRS=0aB4+0N.C0T06R( (ANGLE*1H0e/PIE)=250)
CONTINuL

XMASST=PMASOGA+PMASSS+ (4 « #P L ¥PTE#RL¥RS-AF ) ¥ S*¥LWFASKH

RETURN

END

MAS1690
MAS51700
MAS1710
MAS1720
MAS1730
MAS1740
MAS1750
MAS1760
MAS1770
MAS1780

MAS1790

MAS1800
MAS1810
MAS1820
MAS14630
MAS1bB40
MAS1650
MALL1BG6O
MAS1870
MAS1860
MAS1890
MAS1900
MAS1910
MAS1920
Mr51930-
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SUBROUTINE LOAD

COMMON COMINT(

EQUIVALENCE
EQUIVALENCE
LQUIVALENMCE
LQUIVALENCE
cQUIVALENCE
EQUIVALENCE
EQUIVALERCE
EQUIVALENCE
TAUIVALENCE
FQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCF

CEQUIVALERCE

FQUIVALENCE
EQUIVALENCF
EQUIVALERCE
EQUIVALENCE
LOUT VALERCE
LQUIVALENCE
LGUIVALENCE
EGUIVALENCE
EQUIVELENCE
EQUIVALEMCE
EQuUIVALENCE
EQUIVALLNCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE

CEQUIVALENCE
IF (LESTRIoNEO) GO TU 10

(

it U S e T T T e T T T e B e

600)

COMINT( 4770
COMINT( 459),
COMINT( 455) .
CUNINT( 492)
COMINT( 493)
CUMINT( 4%4)
COMIMTL 495),
COMINT( 482),
COMINT( 483),
COMINT( 446)
COMINT L 490)
COMINT (L 451)

CUMINTL 489)

COMIRT( 472),
COMINTL 478) >
COMINT( 47910,
COMINT( 48C)»
COMINKRT( 449},
COMINT( 450),
COMINT( 481)s
COMINT( 488),

COMINT( 496,

COMINTL 4971
COMINTL 4981,
COMINTL 499)
CUsINTC 5001,
COMINT( 469)
CUMINT( 501)»
COMINTL 5020

vouL

ARGLE
Furlo
FRRIRA
2I5TX
2ISTY
PRESS
RS

_L

IS

Pl

Ph
AYST
LuSTR1
R1

R2

K3

i

F
THETAT
AF
AFS
SSAVE
FSAVL
VSAVE
KGbLEUY
£ THE
GASUNT
IFLAT

(COMINT( 7 )} IVARK )
(COMINT( 10)s IFIN )

{

_— e~ —

{

CCHMINT( 348),

COMINT( 34%),

COMINT( 356),
COMINT( 363)y
COMINT( 370)»
COMINT( 377),

PIE=341415926235098

PRESS=PI
TCL=0.001
FMAX=0.0C
FSAVE=0.0
S;\’:sz()ou
SSAVE=0.0
AFS=C.0

VOLINT=2%¥PIEXPTE*RL *RS®RS

VOL=VOLINT

VSAVE=VOLINT

LLDSTR1=1
KODEUP=1
Lo TO 20

IF (IFIN.EQ.O)
IF (ABS((STROKE-SSAVE) /RS)eLb«0s00001L)

GO TO 20

STRCKE
SAFS

SSSAVE
SFSAVL
SVSAVLE
SKCDUP

- e e w e e e e et N et e N e e e e e N

- APPENDIX D,

RETURN

Lub
LUD
LoD
LoD
LUD

LUD-

LOD
LGO
Loub

LOD

LOD
LGD
LOD
LCD
Luo
LOU
LUD
LuD
LoD

LGL

LOD
LUD
LGD
LGD

LGD

LoD
LOD
LoD
LOD
Lub
LOD
LGD
LOD
LoD
LoD
LOD
LUD
LCD
LuD
Lub
LOD
LU
Luv
LuD
LOD
LOD
LCGD
LOD
LOD
LoD
LOD
LUV
LuY
LuL
LOD
LOD

10
20
50
40
50
60
70
80
90
190
110
120
130
140
150
lo0O
170
150
190
200
210
220
230
240
250
260
270
50
290
500
210
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
430
500
510
520
530
240
550
560



APPENDIX D

GO TO 40
20 CONTINUE o0 oo
IF (ANGLE «GT« ((PIEXSTROKE)/118+4%RS) )} GO TO 30 LOD 590
{FLAT:l LOD 600
N (7(? TO 4Q LOD 610
3 IFLAT=0 LOD 620

3y 1 ' - o

R ARGICOS (ANGLE) LoD 630
3 DGR - LOD 040
'IANAN(JzTMN(r“!fULL) LUV 650
SRATIO=STROKE/RS LUD 660
IF (IFLAT.EQ.0) GO TO 60 LOD 670
C y ¥ x x * ¥ % LOD 680
< LOD 690
C LEGINNING OF FLAT ROUTINE. LOD 700
C ' LOD 710
C 3+ * 3 * * * #* LOD 720
F=0s 5% STROKEX(PIE/(PLE+1)) LOD 730
R3=RS+E LGD 740
R2=RS~0o 2 Hb# STROKE® ((PIL+2)/(PIL+1)) LCGD 750
CONTL=RS-STROKE-U LCD 760
CONTZ=(RS*(O.5*PIE—1.0)—B)/CUNTI LGD 770
THETAT=O.5*P1t*(0.9533+2.9618*5RATIO*QRATlU) LCD 780
S SINT=SIN(THETAT) LLD 790
COST=COS{THETAT) LUD 800
THSAV=THFTAT LGD &10
FTH=THLTAT~SIHT—LC\T2*(1.0—COST) LOD €20
FTHR=1G~COST-CORTZ*SINY - LUD 830
THETAT=THETAT-FTR/FTHC LU 840
IF (ALSITHLTAT=TnSAV) Gl TOL) O TS 90 LUD ob0
K1=CONTL/Z (1« 0-CUSHETRETATY) . LOD 660
FRG=-RI*STN(INETAT) LOD 70
AF=PIL*¥E+F ) ¥ 2L+ ~F) LUD o080
ARK1=(O-D*PXL*R2*R2)*((&*K2)/(5*PIL)+E+RL) LOD 4890
ARK2=(0.25*PIt*R3*R3)*(nL+E—(4*N3)/(S*PI;)) LuD 500
ARK3=(E+P)*(RS—STRU&E)*(RL—RS+&1*51N(THE1AT)+.b*(L+F)) LGD 910
ARK4=—(O.25*R1%H]¥SIN12*THETAT))*(RL—RS*Z.*Rl*SIN(TntTAT)/3-) LG 920
A?K5=(.5*R]*Rl*THETATY*(RL-QS+R1*SIN(THETAT)*2-*Rl*(1—CGF(THETAT)ILUD 930
1/7(3e*THETAT)) LuL 940
ARKG6= (C¥R1¥DINCTEETAT) VY ( {RL=RS)I+e S¥RIXSIN(THEET AT Lub 950
VCL:”*PIt*(ARkl+ARk2+ARn3+ARK4+AHR5+ARKO) LoD v60
DI1STX=RS-STROKE Leu 9i0
BISTY=0.0 Lub 280
FRIKASHLYO. 9% (E~F) LUD YvyU
CALL MASS) LULUiva0
L0 10 200 LuULi010
k x % ¥ % ¥ ¥ % LUu1020
c LUOLG30
C HEGIMNING GF GENcRAL OFE ATTITUDE wUUT IAE LUD1040
C PEEEE T T N LOUC1050
C LubL1060
6 THE=0 0 LOD1070
ACHORD=ile Lobloso
ARMUGMNX=0e0 LuUD1090
ARMOMY =0 e 0 Lublloo
FRIRA=D0 LubLilY
“OUNT=0 Lebil2o
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THE=THL+UTHE
COSTHE=COS(THE)
TARTHE=TAN(THE)

KOUNT=KOLINT+1

IF (AMCLF . aCTeleHH) G0 TO 8O
PSI=ATAN(TAMANGXCOSTHL)
SINPOHLI=SIN(PST)
CosPSsI=Cos(PST)

ANPSI=TAN(PS])
OG TG 120

* PURE ENJ LOACIKG *
STTHERLARS—(RL+LS5-5TRULEY/CUSTHIL
IF (STTReLLW060) GU Tu 110

IF (STTHeGE«RS) wG TO 990

CH=2 e *SQRT (2 ¥ ROXSTTE~STTHERZ)
GO TC 1aG¢

CH=2.%R&

CISTY=RS+RL~-STTH
DISTZ=DT5TY#*SENTHE
wD={OISTYXOTHE ) /COSTHE
ACH= 2 #(C sy [

ACHORD=ALHQRLT A
FRIRAZFRIRA+SWURT({Qe25# L) ¥HZ2+1]1HTZ%%2)
GO TO 70

CISTY=RS+RL-STRORE

LISTX=0e2

GO TO 17¢

¥* OFF ATTITUDE LOCADING *
STTH=RS-COSPSI # (FL¥TANANG¥ (1 e N~COSTHE Y+ (RS=STROKE ) /CGSANG)
IF (STTHeLZe2.0) 30 TO 1EQ

TE ((THE=3.14)3T.Ce0) GO TO 150
IF (STTHWeGESRS)Y G TQO 130

CH=2 e #SORT (2. ¥REXSTTH=-STTH**2)
GO TO 140

(,H= 2e *RS
UISTY=RKL+(RS=STTH)*SINPS]
LISTX={(RS-STTH)*CLOSPSI
LISTZ=DISTY*SINTHL
WlE={DTISTY*DTHE*CCSPST ) /COSANG
ACH=2 o ¥Cli%y D

ACHORC=ACHORD+ACH
FRIRA=FRIRA+SURT ([ [Qe 253 (M) #x240]15TZ#%2)
ARMOMX=ARMOMX+ACUHXTISTX
ARMOMY =ARMOCY+ACH*DISTY

GO TC 70

IF (AGHIORDWLE« 0001 GO 14 160
DISTX=ARMOMX /ACHURY
DISTY=ZARMOMY Z/ACHURD
cO TO 170
UISTX=0.0

VISTY=0.0
CONTINUE
FRIRA=FRIRA/KOQOUNT

IF (SRATIQ.GE«1537) GO TG 180
AF=ACHORC* ( o 49944 320%#SRATIC)
GO TO 190

Luplls0
Luuilao
LED1ILSO
LuDlleO
LGDIYTO
LOD118&Q
LGOL1YO
Lobl209
LuvlelD
Lubliz22so
LGL1IZ30
LuvlzaQ
LeDact

LUblZo0
Lub1270
LCLL28C
LGL129D
LOD1I300
LUOL310 .
LLD1320
Lubl330
Luvlis0
LubDl5%0
Lubl 360
LUl 370
LGD1380
LUD1390
LGCDL400
LOD1410Q
LCD1420
LUDL430
LODL440
LUGD1450
LUDL460
LCDL470
LGEL4B0
LLUL430
Luulb90
LUDL»10
LuD1bH20
LOD1S30
LGD1S40

LObLi5Y0

LGD1S60
LUDibTO
Lubl580
LUDLEDYO
LuDlo00
Lublolo
Lubleozo
LUD1630
LOD1640
LOD1650
LCDle60
LODiI6TO
LUD168O
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—
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20

APPENDIX D

AF=ACHORD

VOL=VSAVE=-0O«5* (STRCKE-SSAVE ) % (AF+AFS)
CALL MASS2

* KX K ¥ w0 ¥

HYSTERESIS AND UPDATE ROUTINES

¥ 0x X ¥ x ¥ % .
PRESS=(PI+PA)* { (VOLINT/VOL)#*¥GASCNT) —~PA
FORCE=PRE SS*AF

It (KODEUPEQeQ) FORCE=FUORCE-RYSTHFFMAX®STIN(STRURE*PLE/SMAX)

IF (TFINNEsQ) RETURN

SAFS=AFS

SSSAVE=SSAVE

SFSAVE=FSAVE

SVSAVL=VSAVL

SKODUP=KCLLEUP

IF (KODEUPLEQe.Q) GO TO 220

IF (STROKELLTeSSAVE) GG TS 210
G TO 220

KOLEUP=C

FMAX=FSAVE

SMAX=SKAVE
FORCE=FORCE-HYST¥FHMAX*SIN(STROKE¥PIL/5MAX)

- AFS=AF

S5AVE=STRONE
FSAVE=FOKRCE
VSAVE=VOL
RETURM

END

LUDL6YU
LGDiT00
LGD1710
LOD1720
LUD1730
LGD1740
LUDLT50
LOD1760
LOD1770
LOD1780
LUDL790
LGLLbOO
LUL181G
LUL1620
LuD1630
LUD1B4D
LULLESY
LOD166LO
LODiBT0
LOL1E8O
LOL1890
LOD1990
LOD1910
LUD1Y20

S Luvivio

Luvis40
LUpLYSO

S LULLIYOLO

LGely70

LUL1960~

343
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SUERCUTINE PHYS

DIMENSTON XD(7s1%),
DIMENSION XPF(2),

DIMENSION XVF(3)s TrI
COMMON COMINT( 600)

FQUIVALENCE
FQUIVEALENCE
FQUIVALENCE
tGUTVALFNCE
EQUIVALENCLE
t QUIVALEMCE
LQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALYNCE
EQUIVALENCF
FGUIVALENCTE
LGUIVALENCE
EQUIVALENCE
EQUIVALENCE
FQUIVALENCE
FQUIVALERNCE
EGUIVALENCE
FQUIVALENCE
EQUIVALENCE
EQUTVALENCF
FQUIVALFNCF
EQUIVALENCE
FGUIVALENCE
EQUIVALENCE
EGUTVALERCE
EQUIVALENCE
tGQUIVALE A CL
EQUIVALENCE
EQUIVALEMCE

CEQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALFNCFE
EQUIVALENCE
LQUIVALENCE
EQUIVALENCEL
LGUIVALENCE
LOQUIVLLENCE
EGUIVALENCE
CQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCE
CALL MASS
RETURN
ENTRY PHYS1

(

COATNT(

XCL3Y)
XC(3),

393)

5 )

(COMINT(165),
(COMINT(344)

(

U U U R S I e T T T e T T e T S N

LETA=TRL(3,51)

cumint{
CUMINT (
CORINT({
COMINT(
COMINT(
COMINT
COMINT(
COMIMT(
COHINT(
COMINT(
CUrINT
CCMINT
CumINT ¢
COFINTA
CUMIENT(
COMINT
COMINTH
COMINT(
CUMTRT(
COMINT(
COMINT (L
COMINT(
CUMTNT(
COMINT(
CUMINT(
CUMTHT(
COMINTA
COMBINT (
COMINT(
COMINMT(
COMINT(
COMINT (
COMINT(
COMINT (
COMINT(
CuMInNT(
CORTRT(
COUMINT(
COMINT(
COMINTI
COMINT(
COMINT{
COMINT(
COMINT(

343)
410)
411)
411)
439)
4un)
441}
4 42)
4 42)
La4)
446)
448)
455
499)
460)
461)
462)
474)
482)
483)
493)
465)
466)
470)
472)
490)
492)
494)
46%)
502)
5C3)
506)
516)
524)
543)
546)
549)
555}
961)
562)
563)
564)
581)
591),

s
*
L4
9
3
9
L)
’
b
’
’
9

L]
b
s
L]
’
’
?
’
b
s
’
’
k]
L]
9
3

s
L)
L]
,
b
1]
*
k4
1
’
b
L
L]
’
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XCE(3)

FS3)

TRE (482

V4

XL )
ZLS )

STROK
XX i
Yyl
221
NTX
NTY
~NTZ
MRX
KRY
NR2Z
J
FuRCL
AnGLL
ANCLEL
ANGLE 2
ANLLES
RSXCF
RS
KL
12ISTX
]Ru 1A
ERAY
ACLE
LI:STiK]
Pl
FRKIRA
LISTY
PRcSS
IFLAT
XV
TR
TRL
FF
XPF
XCLb
FS
FIELA
DEGRAD
ANGLD]
AnGLD2
ANGLD3
VMIpN
XCF

)

)

- N N A e e nr e et e e e e e et Nt el et et M et s et e e

— e e hr e e e b et e e e

TFC3)

FE(LS)

PIiY
Py
PHY
Pry
PhyY
Py
PhY
FRY
PhY
PHY
PHY
PHY
PHY

PHY

PHY
PHY
PHY
Pry
PHY
PHY
HnY
PHY
PHY
Pisy
PHY
PrHY
PHY
PHY
PHY
PrY
Phy
PHY
FHY
PHY
Py
PHY
PHY
PHY
FRY

PHY |

PHY
PHY
PHY
PeiY
PrY
PHY
Py
PHY
Py
PHY
Py
PHY
FrY
Y
Py
PRY

10
20
30
49
50
o0
70
&0
90
100
110
120
130
1490
150
160
170
140
19G

210
£20
223G
240
250
260
270
280
290
300
310
3206
530
540
350
350
570
3890
390
400
4190
420
430
440
450
460
G410
450
450
500
510
511
220
530
540
550
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ARGLE=ACLS{ARS(TaL(Z51))) FHY

360
ANGLE1=ACOS (AL TA) . FHY 570
STRCKE=RS+RLAS TN LANGLE ) =12 ¥A0S(ZLS PrY 580
CLEARI=RS+SORT (KRS*¥RG=D¥ ) XS TR IANGLL Y =S TROKE~U*CO5 (ANCLE ) PrY %90
CLFAR2=IR5+S IN(\NuLl)*(Rr+0)—STnL&l—(“CUQ(ﬂRJLr)/Z- FHY 609
ACLR=AMIMI(CLTARL CLEARZ ) =T A PHY 610
IF (ACLR«LE«Ds0) RITUXN PLiY 620
IF (STROKFeLE«GoC) GO TG 10 PhY 630
CALL LOAU PHY 640
FIFLAT=IFLAT PHY 650
IF (FORCceGTele0F=-05) UL TU 30 EHY 060

12 FORCE=040 PHY 670
LO 20 [=143 FHY 680
XCiz(1)=20e0 PilY 690
XC{I)=040 PHY 700
FS(l)1=040 PISY 710
FE(I)=0s0 PHY 720

246 FE(I+3)=ra0 PHY 730
PRISS=PI PHY 740
TF=0.0 PHY 750
LRSTR1=C PHY 160
CALL MASS PUY 770
RETURNKN PriY 730

30 CONT I MNUFE PrY 190
RALUST= 'ICTY¥QL-(HahLL)—u13TX* PN (AdOLE) FriY 800
CONT1=1e570796-ANGLE 1 PHY 610
LiLCE3=0eC PHY 520
0O AL J=143 PHY 830

4 OMEGI=TRL( 39 J)#XL (15 J+3)+CHMFLT Y B4o
IF (ARS(OMEG3)e0Tela0KE=06) GO TO 50 PHY 850

=0e 0 PHY 660
GO TC 60 PHY 870

50 TE=FORCESAMURE RISA% {~0mie 03/ A5 (CHMLG3)) /12 PHY 660
VMINI=VMIN PHY 5Y0
IF (ALSIOMECA) 20TV IdL) wu TU 6C PHY 900
TF=TF/VMINLI®*AGS (UGS PHY 910

6. Q0 70 I=143 : PhY 920

74 TFCLIY=TF#TRL(3s1) PitY $30

TF (ALSUTFCUIN) o LT anS{ XS04 ) EXXTI/HZ) ) TECLL)=~XO (14 ) ¥XX]I/HZ¥ ey PriY Y40
IF (ARSITFC{2) ) e CTeARSIXI(1a5)¥YYI/HZ)) TFL(2)==XO(1s5)*YYI/HIZ* oY PHY 950
IF (ABSITFCU3))aUTeABSIXU {196V ¥ZL1/HE)) THECI3)}==XU(1s0)®2L1/H2Z¥ e PHY ¥00

IF (ABS{TRL(342)M)+ABS(TRL(353))eGTalet=-10) LU TO €0 PHY 970
AMGLE2=1.570/12632¢€8 PHY 980
50 TC 96 PHY 990
8L ANGLE2=ATANZ (TRL{353) 5 TRL(3,2)) PHY1000
99 XCO1)=(UISTX/12.0)%¥STON(1esCONTL) PRY1010
IF (ARSTANGLEL)suTeler—-5) 00 Tu 100 PHY 1020
R=0.0 ‘PRY1030
GG TO 110 PtiY1040
1u0 R= Aﬁs(_ZLJ/clN(ANULtl)—XL(l)/TAh(ANULLl)) PHY 1050
110 XC{2)=R*CO5(ANGLE2) PHY1060
XC(2)=KR*SIN(ANGLE2) PHY1070
XCOCL)=XT(1 a1 )=XE{126)*¥XCI21+XD(195)%¥XC(3) PHY1080
XCD(2)=XP(1s2)4XU{1s6)*¥XCL1)=-XD(124)%*XC(3) PHY1090
XCLI3)=XL(193)=XD(195)%XC(1)+XD(1s4)*¥XC(2) PHY1100
RSXCF=Ge0 PHY1110

345
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130

149

150
160

170

180

19¢
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DO 120 I=1s2

XCF{1)=0e

DO 120 J=1,3

XCFULY=TRLUT sJ)RXCD(J)+XCFLT)

DO 130 I=1,.2

RSXCF=RSXCF+XCF (1) **2

IF ((ABSIXCF(1))eGTeleE~3)eDORe (ABSIXCF(2))sGTeleE-3)) GO TO 140
FS{3)==FORCE

FS(2)=0.0

FS{1)=Ce0

GC TO 170

IF (ABS(XCF{1})eOTeleb-6) GO TO 150

ANGLE3=1.5707963268

IF (XCF(2)e0Te0e0) ARNGLE3=4,7123889804

GO TO 160

ANGLE3=ATANZ(=XCF(2)»=XCF (1))

FS{3)=-FORCL

FS(2)=AMU*FORCE*SIN(ANGLE3)

FS{1)=AMUXFORCE*CUS (ANGLE3)

RSXCF=RSXCF*%45

IF (RSXCF«GT.VMINY GO TO 170

FS(2)=FS{2) /VMIN#RSXCF

FSI1)=FS(1)/VAIN*RSXCF

CONTINUE

IF (NTXebWeO) FFU1)SFSOI)*TRLILI L) +FS{2)¥TRLI2311+FSI3)RTixL(591)
IF (NTYeEWeO) FFUZ21=ES{LII¥TRLILs2)+FS(2)V#TRL(292)+F5(53)%TRL{5 <)
IF (HTZ2eEQeQ) FFI(3)=FS(II®TRL(L3)+FL(2)*TRLI2»2)+F3( )1 #TRL(593)
XPF(Ly=(~ZLS*COS{ANGLE ) ~RADUSI*SIntANLLE) 7146 )%S5T1 06N {1e9sCONTL)
IF (ABSCARGLE) e GTaleE-10) GU TU 180

PF(2)=0.0

XPF{3)=0.0

GO TC 190
XPF(2)=(~2LS*SIM(ANGLF)+RADUSI*¥COS{ANGLF1/12. V% COS(ARGLEZ)
XPE(3)=(~ZLS*STN{ANGLE)+RADUSI#CUS(ANOLE ) /124 )#SINIANGLEZ)

[T (NRXeEWe0) FFL4Y==FFA{2)¥XOF(3Y+FE(3)*XPF(2)+TFCL1)

IF (NRYebLWeO) FF(H)=FF(1)¥XPF(3)=FF(3)*XPF{1)+TFC(2)

1F (NRZekQWs0) FFLBE)==FF{1)#XPF(2)+FF(2)¥XPF(1)+TFC(3)
ANGLD1=ANGLE1*DESRAL

ANGLUZ2=ANGLE 2*¥EOGRAL

ANGLLI3=ANGLL2*JLUORAY

RETURN

CEND

PHY1120
PHY1130
PHY 1140
PHY 1150
PHY1160
PHY1170
PHY 1180
PHY 1190
PHY1200
PHY1210
PHY 1220
PHY 1230
PHY 1240
PHY 1250
PHY 1260
PHY 1270
PHY 1280
PHY 1290
PHY1300
PHY L1310
PHY1320
PHY 1330
PHY 1340
PHY 1350
PHYL360
PHY L 370
FhY 1380
PHY 1330
PHY L1400
PHY1410
PHY 14290
PHY 1430
PHY 1440
PHY 1450
PHY 1460
PHY 1470
PHY 1440

PHY L49C

PiHY 1500
PHY 1510
PHY 1520
PriY15-30-
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SUBROUTINE SOLVE (AsGeSUKM N,y i4) SOL 10
DIMENSION A(3+94)3G(392)sH(343) SuL 20
C THIS 1S A SUBROUTINE FOR DETERMINING THRE VALUL CF ¢ IN THEC SCL 30
C MATRIX FQUATION A#C=(Ge THE VALUES OF A AND G ARE PROVIDED SOL 40
C AT THE TIME OF CALLING. M IS THE ORDER QF A (MUST BE SO0L 50
C A SQUARE MATRIX) AND M IS THF NUMBILR OF . COLUMNS IN SCL 60
C " G(A AND G MUST HAVE SAME NUMBER OF RUWS)e THE VALUE SOoL 70
C OF C IS5 STORED IN G LOCATION AT RETURN.  IF THE IMVERSE SOL 80
C OF A IS REQUIREDs MAKE M NEGATIVE. I+ ONLY THE INVERSE SOoL Y0
C OF A IS REQUIKEL(C MATRIX o0uS ROT ZXIST)s ENTER M=0e SOL 100
C DETERMINANT OF A 1S STCREL IN LOCATION .SUM AT RETUkNe SOL 110
C IF THE INVERSL OF A IS COMPUTED, IT 1S5 STORED .SUL 120
C IN LOCATION A AT RETURN TU THE CALLING PROGRAM. SOL 130
C IF IT 1S CESIRED TU MAKL Tills A DCURLE PRECISION SOL 140
C SURROUTINEs THE FOLLOWING VARIABLES MUST BL TYPFD SOL 50
C DNUBLF PRECISION  AsGsHs AND SUie 56L 160
C WHEN PROVIDING UIMENSIOMING INFORMATIOM FOR S0L 170
C THL VARTAELEF A »{ A(IsJ) ) THLE VALUL OF J MUST SCL 180
C E ONE GREATER TMAM Is JEes J=I+1. SOL 190
NGO=1 SOL 200
NST=1 SuL 210
IF (M} 10520550 SGL 220
10 M=-M SOL 230
i NST=4¢ SUL 240
23 NGO=2 SUL 250
U0 40 [=1,4N SOL 260
CO 40 J=1,N SOL 270
H{IsJ)=C Sul 280
IF (I-J) 40+30+40 SCL 290
LXA H{lsJ)=1oe SCL 3co
40 CONTIMUE SUL 310
YA N1=N+1 SUL 320
N2=N-1 SOUL 330
“PT=2 SUL 340
UC 300 IP=1sNST SUL 350
IF (&) 70s6CH70 S0L 360
60 1p=2 S0OL 370
70 GG TO (804s90)y 1P SuL 380
80 NSP =M SGL 3990
GO TO 170 SuL 490
a0 NGP =N SOL 410
130 D20 300 JP=14NGP SUL 420
CO 130 I=1sN SGL 430
GO TO (11Qs12C)s 1P SGL 440
110 AlTeNL)=C(T sUP) SLL 450
6O TO 130 SOL 460
120 A(TsNL)=1(T sUP) Sul 470
13¢ CONTIMUE S0L 440
DO 140 I=KPTysN1 SCL 490
140 Alls1)=A(1s1)1/7A011) SGL 500
DO 200 1=2sN SOL 510
NN=[-1 S0L 520
DG 200 J=KPT,NI1 SOL 530
MArz Jo] SOL 540
SUMN=0. sS0L 550
IF (NM=NN) 15031505160 SUL 560
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150
160

170
180

240
250
260
270

280
290

360
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KK=NM

GO TO 170

KK=NN

DO 180 L=1sKK
SUM=SUM+A(LyJ)*A(T L)
AllsJ)=A(]sJ)~SUM

IF (J=1) 20G+200:190
AlTs)=A(TsJ)/7A01 1)
CCONTINUE

GO TO (210+220)s IP
GINsJP)=A{NsN1)

GO TO 230
H{NsJP)=AININIL)

DO 290 I=14N2

NI=N-1

GO TG (24049250019 1P
GI(NI sJP)ZA(NIINL)

GO TO 26¢C

HINI s JP)=A(INIsNI1)

DO 290 J=1,1

NJ=N1-J

GC TO (2704280)s 1IP
GINT s JP)I=GINI»JP)I=A(NMIsNJIEXG(NISIP)
GO TU 290

HINI s JP)Y=HINI s JP)=A(NL yiWJ ) FH{IND s )
CONTINUE

KPT=ivl

CONTINUE

SUNM=1e

OC 310 I=1,N
SUM=SUNKA(T 1)

GO TO (340432C) s NGO
DO 33¢ I=1sN

00 330 J=1uN
Al{lsJd)=n(]sJ)
RETURN

LND

SOL
SuL
SoL
S0L
SOt

SOL-

SOL
S0L
SOL
SOL
SOL
SoL
SOL
SoL
SoL
SGL
SOL
S0L
S0L
S50L
S0L
SOL
SOL
S0L
SUL
S0l
Sub
Sl
SoOL
SGL
S50L
SGL
SoL
SOL
S0L
SuL
SUL

570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
170
780
190
800
610
620
b30
540
850
560
c70
8380
£90
900
v10
9eo

930-
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SUORUUTINE FixINT

(Vh s LColr)

APPENDIX D

STELNSION TITLEGUT2) s 1SULCGLTZYs PNTLST(72)
COm Gt COMT T . '
EQUIVALENCE ( CumINTO 473) s TEEERT

600)

EQUIVALLNCL (0 CamINT | 1) T
FGUEVALERCY ( COHINTI ©)y iZ
DATA TSUECh /7
G20 A3Cs 403y Lulis 1069y 4153
G42%y h3ls hoby LG3s 172y Gll,
Bhidgy 4372 4250 Lidy 179, albs
S5Tés 219y Uity 909, Ldby 227
ET59 516y Siuy L/0s Liuvs 2248
574y H17Ts 560y STl 220y 2%
uAaTA TITLEG 7
106 XLS s 107, XDLS » 1TH
1ok XD s 10k XK s 10H
InH STROKL 5 10H X&O s 10h
1041 YLS s 104 YoLs sy 10h
1uHB YD s 100 N y 1060
10 FOURCE y 1016 Y AU s 1CH
1H AR s 10H ZOLS s 10H
10 yAY] y 1Cii FAN y 10/
104 PRESS s LOH ZNG s 1o
1CH ANGELI1) o 1C1: ANG(192) s 100
1K FF(1) s l0H FE(4a) s 104
10H  XCF (1) y 10i! ACLK s 10t
1ICH ANG{2s1) s 10H ANG(292) » 100
1CH FF(2) s 10t FF(Y) s 10H
16 XCF(2) sy 10+ XMASST » 10H
1uR ANG(3s1) 9 108 ARGE392) s 1011
10H FF{3) y 1CHh Ft (6) s 10N
1ot XCF(2) sy 1Gn FIFLAT 5 10h
IF ((LPelLiLeT2)eANLe{LPeuTe0)}
wRITC (6s5100) LP
STuR
TITLLG(LP)Y=VN
IF (LCeGTed) GO TC 20
WRITE (6451100 LC
STOP
150BCG(LP)Y=LC
RETURMN
EMTRY PRINTI
IF (ILKPKRT&MNL«G) GG TY 30
I1CONTP=10
IPRINT=10
GO TOU 4%
ICONTF=6
IPRINT=6
RETURN
ENTRY PRINTZ2
CALL SECUND (TIMECP)
IF (IPRINTeRE«ICUNTF) (G TC 60
IPRINT=0
WRITE (65120)
WRITE (6+130) (TITLEG(I)sl=14+36)
I1F (JERPKTWEUQeD) GC TU 50

}

)
)

31y

s
2Ly

et
193,
£0U
Bipd
w20

Dol

2245
EERE
REYAY

R B

XooLS
PHID
+F
YoLis
THETAD
viL
2oiLE
Poli
KSXCF
Aol Lls3)
FELD)
Ri
ANG(293)
FSlz)
RZ
ANG (59 3)
FS(3)
R%

U Te 10

PP I T I S T S I N S T

3%0
455
47
Y1
2V

555,

10n
10
1¢H
10h
10H
ion
100t
10n
1om
lon
12h
1k
1¢H
10t
101
1o
10h
10H

2594y Lody
Y5 G417,
1Sy alb,
470 G470y
4]0, L’&‘I"ﬁ,
525y 480

Aol
PiHI0D
c15TX

ANoLO?2

THLTALS
UEsly

ANGLL3
Y AV
r }\II(A

XLPF(L}

XPF{1)

£

XLPF(2)

XPF(2)

F

XLPF(2)

APE(3)

THETAT

P I T R BV T I R I R A A

495
a4y
Lyl
Hhavg,
42500
631

PRT
PRT
PRT
PRT
PRT
PRRT
PIT
PaT
PaT
T
HiXT
it
/PRT
PRT
PLT
PrRT
PRT
PRT
N
PrT
PRT
PrT
PIT
PKT
PKT
PRT
FXT
PRT
PKT
PiRT
PRT
7PNT
PiT
PkT
PKT
PKT
PKT
PIRT
PRT
PRT
PKRT
PikT
PRT
PKRT
PixT
PKT
PikT
Pl
PKT
PRT
PK1
PRT
PRT
PKT
PaT
PKT

10

20

30

40

50

60

19

g0

Ju
100
110

20
130
140
150
160
179
1890
150
200
210
220
230
240
250
260
270
“80
290
3560
“10
320
340
340
550
360
570
380
350
400
410
420
430
440
450
4£0
470
40
490
200
510
520
520
540
550
250

349



350

WRITE
50 CONTINUE
60 WRITE

DO 70 I=1+36
LKI=15UuBCGLT)
70 PNTLST(I)=COMINT(LKI)

WRITE

APPENDIX D

(69130) (TITLEG(I)»[=37+72)

(6+150) TIMECP,TsHZ

(65140) {(PNTLST(I)sl=1436)

IF (IERPRT.EGe0) GO TO 90

DO 80

[=3T7,72

LKI=I5uBCG( )
80 PNTLST (1 )=COMINT(LKI)

RITE

90 CONT INUE
IPRINT=IPRINT+1

RETURN
C
100 FORMAT

(% % yh—mmmmmmeme ERROR==—mm—mm = LFRINT

¥LY 1-72% )

110 FORMAT
#0 * )

120 FORMAT
#

.130 FORMAT

140  FORMAT
156G FORMAT
1 % DT

END

(65140) (PNILST(I)s1=37,72)

B e e ERKOR—=====m=== LCGHON

i

(%1% ,6X¥LCCAL SURFACE COORDINATE SYSTCM¥,

15%X* LANDER COORDINATL SYSThid*

)

(4(1XAL0) s ITH¥3A1053(1XAIC) s 1H¥ 9 A1053(1XA10))
(12(1XL10«31))

(*Q%

#CP TIME = ¥9F10+39% T
*’LIO-B)

= #3105

*yI5e%y

%y 159%,y

PRT
PRT
PkT
PRT
PRT
PRT
PRT

PRT

PRT
PRT
PRT
PRT
PRT
PRT
PRT
PKT

RANGE IS ONPRT

PRT
PRT
PRT
PKT
PRY
PRT
PRT
PRT
PRT
PRT

570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
120
730
740
750
751
160
170
780
790
300
301
510~



APPENDIX L

PROGRAM VARTABLES

LOCATED IN

COMMON ARRAY "COMINT"

3

1
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APPENDIX E

A brief definition, program name, analysis symbol, and location of all
the variables located in the common array COMINT are given in the following
figure. This array appears in both the Crushable Torus Landing Loads and
Motions Program (Appendix B) and the Inflatable Torus Landing lLoads and
Motions Program (Appendix D). A great number of these variables apply to
both programs; however, some apply to only‘one or the other of the‘ﬁrograms.
Applicability of each variable is indicated in this figure.

The array COMINT is used for the transfer of information between the
various program subroutines. Also, this array is useful when used in
conjunction Qith the optional output routine available in both motions
programs, As described in the two program operating ihstructidns (Sections
B.3 and D.3), any variable appearing in COMINT may be printed with the

standard time history quantities.
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Figure E-1 (Continued)
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APPENDIX F

AGCURACY INDICATOR

FOR_VARIABLE STEP PREDICTOR -

CORRECTOR_INTFGRATION METHOD
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APPENDIX T
The numerical integration subroutine PCCUT, contains the option for a
modified Adams-Moulton variable step Predictor-Corrector method. The
following presents a brief discussion of the integration step size control

in this variable step routine.

During an integration step, the following pair of parameters are
determined for each of the integrated variables being considered in &

particular case.

i _ i i
Dn = Pn Cn
and
R = P - o
n n n
i
Cn

In the above:
1) P% is the predicted value of the ith variable for the nth step
of the integration routine. |
2) Ci is the corrected value of the ith variable for the.nth step

of the integration routine.

The smallest value of these two parameters (Di and Ri) for each inte-
gration variable is retained. The maximum value of all these remaining para-
meters is defined as the integration accuracy indicator, En. This accuracy
indicator is compared with the two input constants, Enin (EMIN) and Epax
(EMAX). The integration step size is fhen controlled in the following

manner:
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1) If En € Emin for four consecutive integration steps, the step
size (HZ) is doubled and the integration restarted at the end. of
the last integration step. However, if the step size is equal to
the input value for the maximum step size (HMAX), it remains the
same,

2) If Epin < En < Epax, the integration step size remains unchanged.

3) If Ep > Epax, the step size is halved and the last integration
point satisfying the specified degree of accuracy is used to
restart the integration. However, if the step size is equal to
the input value for the minimum step size (HMIN), it remains the

same.

If the two input perameters, EMIN and EMAX, are read into the program
as zero, they are reset to the following nominal values.

EMAX = 1 x 10-%

EMIN = 1 x 10°0

Experience has shown that these nominal values result in the satisfactory
operation of the variable step routine. However, increasing the magnitudes
of these parameters will decrease the computer time required for a giyen
case. Decreasing the magnitude of Eyi, and Epay, increases the computer

run time.
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